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Solved Examples 

Level 1 

Example 1 lj the radius of the earth contracts to half of Us present value without change in Us mass, what 
wdi he the new duration of the day? 

Solution Present angular momentum of earth 

ij m z <* 

New angular momentum because of change in radius 

[f external torque is zero then angular momentum must be conserved 

- MR 2 <a = -x - MR 1 id 
5 4 5 

tif = 4 to 

r =-r = -x 34 = 6 h 
4 4 


Example 2 A par tide of mass m is projected with velocity v at an angle 0 with the horizontal Find its 
angular momentum about the point of projection when it is at the highest point of its trajectory. 


Solution At the highest point it has only horizontal velocity v A = vcos 0 

Length of the perpendicular to the horizontal velocity from ‘O' is the maximum 
height, where 




Angular momentum L - 


tm ' sin 1 Geos 6 

2g 


i/ 



Example 3 A horizontal.fort* F «* ott ,he **** * m e T * showH ' Co ^ ci f cffilakm be! "' ee " 

ground and sphere is jj. Who! is maximum value of F. for which there is no slipping 
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44 Mechanics**! 
Solution 


f - f = Ma 

'' r ’V W “ 


2 r* 

'V 


2 


Frying 


7 

F<~V**g 


Example 4 A tangential force F acts at the top of a thin splterl&l Ml of 
mass m atui radius d Find the acceleration of the shell if u rolls wtlm 

slipping. 




Fig. 9.83 


Solution Let /be the 

For translational motion. 

For rotational motion. 


e force of friction between the shell and the horizontal surface. 


Adding Eqs. (i) and (ii), we get 


F + / = mu 
FR - jit - la. =1 


F . f „± 


—<0 



Fig, 9.89 

[v a = Ra for pure rol ling ] 

-0»> 




ma 


or 


c 5 
r --ma 
6 

6 F 


5 ,m 


"■* ^shell = 


■1 


a 


Example 5 A solid lylimler of urns maud radios r starts rolling doom an inclined plane of inclination 0 

Frier ion is enough Ktprevent slipping. Find the speed of its centre of mass token its centre of mass has fallen a 
height k J 


slip hence total mechanical energy will be conserved. 
Energy at postion 1 is = mg h 

Energy at position 2 is 


ffj “ i bm ’™m + ^ 4 om w 2 

«. /com 
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Front COE. E x = 


%om = 


Example 6 A disc Starts rotating with constant angular acceleration of rc rad/s ~ about a fixed axis 


perpendicular to its plane and through its centre. Find : 
fa) the angular velocity of the disc after 4 ,v. 
fit) the angular displacement of the disc after 4 $ and 

Solution Here a = brads''. o> 0 =0, t= 4 s 

(a) e> (4s j = 0 + (it rad s 1 ) x 4 s t- rad's. 

(b) 0 (4 j) = 0 + ^ (;irad/s"Tx (16s 2 }=8iuad 

Example 7 A small solid cylinder of radius r is released coaxially from point A * 
inside the fixed large cylindrical howl of radius R as shown in figure. If the friction 
between the small and the large cylinder is sufficient enough to prevent any slipping. 



small cylinder reaches the bottom of the larger one/ 

(b) The normal force exerted by the small cylinder on the larger one when it is at the bottom. 



Solution (a) 




Fig. 9.92 


K 3 



K 3 


(b) From conservation of energy. 



4 



Now 
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, . m 0 W * 8S witk ** at 

Example 8 A wheel rotates mound a station , „ Vw 0 f t he point A at the rim at the moment 

0 = f ^^ = O UK. 

t *2.5 s if the linear velocity of the point A at this momnt 
Solution Instantaneous angular velocity at time ns 


or 


tii tit 
ft) = 3 tit — 0,4/ 

Fun her, instantaneous angular acceleration is, 

O =#-g<0.4,) 

df ill 


(as o =*0.2 radA s ) 


or 


Angular velocity at 


a = 0,4 rad/s" 

/ = 2.5s is 

<0 -■• 0.4 '/■ 2.5 = 1.0 rad s 


and 


or 


Further, radius of the wheel R = - or R = -— - 0.65 m 

(A 1.0 

Now, magnitude of total acceleration is, 

V -s n, 

+*; 

a n *-Rvr ={0.65Ki.O) ; =0.65 nvs : 
a r = /Ea = (0.65X0.4)= 0.26 mb 2 
a = Vf0.65) ; + (0.26)- 
a = 0.7 m's - 


f fere. 


Example 9 A m U ball afrai!* 0.2 »> md mm I bg is given « bmmmmm 
impulse also b-s a/point Pas #o«,i fiWfc number ajmmiom made bv the ball 

tZ,u >0 "' * iTU "" rf » *■» « V -« smeJ, s*Xl 



SofUtion Impulse gives translational velocity 

„ _ Impulse . 

M ! ^r a ° ngimpulsc ^ 50 m/s 

7 = lime of flight of projectile 

= 2™nO_2 i . 50 ‘' SjnW r- 

X ~T7T^—^W3scc 


Fig. 9.93 
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Impulse give angular impulse also 
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or 


Number of rotations. 

Level 2 


Impulse is R 
no= —— — 
/ 


I mpulse x R 



5 


2n ~ 2n 


Example 1 A solid bai! r< tils down u parabolic path ABC from 11 height 
h as shown in figure. Portion AH of the path is rough white BC is smooth. 
Mow high will the ball climb in RC? 

Hint h f case of pure rolling mechanical energy is consen'ed. 



Fig. 9,94 


Solution At /J, total kinetic energy - nigh 


Here. «/- mass of ball 

The ratio of rotational to translational kinetic energy would be. 



2 

5 


Kx = -j ”*gh 


and 



In portion BC\ friction is absent- Therefore, rotational kinetic energy will remain constant and 
translational kinetic energy will convert into potential energy. Hence, if//be the height to which ball climbs in 

BC. then 

mgH=K T 

or mgH =-^ mgh or M=^h 


Example 2 // thread is wound around two discs on either sides. The pulley and the 
two discs have the same mass and radius, There is no slipping at the pulley and no 
friction at the hinge , Find out the accelerations of the two discs and the angular 

acceleration of the pulley. 


w 



2 


Fig. 9.95 
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48 Mechanics-11 

Solution Let ft be the radius 
rope. 


of .he discs and r, and T._ be 


[hc Kns iope in ibc left and right segments of.fc. 



Hi 


ai mg 



mg a? 


Acceleration of disc l T 


Acceleration of disc 2, 


Angular acceleration of disc !, 


Fig. 9.96 

m - j 'j 


rt, = 


On ~- 


m 

mg - r : 


m 

T,R 27^ 


a, =*=-^1 _ 

> -» 

2 

27" 

Similarly, angular acceleration of disc 2, a, = —L 

mR 

Both «| and a. arc clockwise. 

An ms far acceleration of pulley, 

„JT L -r ll R_ 2(T,-T l ) 

- mR l mR 

2 

For no Slipping. tfa, - = ffj - * a , = Rli (vi) 

Solving these equations, we get 

« = 0 and a = (*_, = 

3 

Alternate Solution 

As boili die discs are in identical situation, r, = f; and a = n / P f 
independently and identically. Therefore. this k evactlv <; m it ‘ \ h ot tlie l1| scs fills 

figure. - exactl > »o the problem shown in 


Example 3 A thin massless thread is wound on a reel of mas *; j 
0.6 fcV. The huh radius fsR 

radtus IS 2# - 20 m o rough table and the fri r 

15 FirtdtkeaerationoftheJtfS*™ 

and of hanging mass of\ kg. Mfr 0 ffeel 


m 

,..(ii) 
-- (i*i> 



h Tj 

Fig, 9,97 



Fig. 9.9S 
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CHAPTER 9 Mechanics el Rotational Motion 49 

Solution Let. a, = accelerationofcnureofmassofreei 
<h ^acceleration of ] kg bk>ck 
« = angular acceleration of red (clockwise) 

1 = tension in the string 
and / = force of fri c lion 

\ 'ou'iiion"- ^ Ktl iS S ^ OV>n k e * ow: < t>n| y horizontal forces are shown). 

Equations of motion arc ; 

T - f— 3ri| 

„ _ T ) ■- t.r 0.2/- air / 7‘ 


0.6 


3 6 



Free body diagram of mass is, 
liquation of motion is. 



Kl- 

T - (7 2 

...(iiili 

For no slipping condition. 




-2Ra 

or 

tt t = 0.2a 

• •(iv) 

and a 2 ~ a x -- Ra 

or 

=a x -O.lot 

-(v) 


Solving the above five equations, we get 


and 


rij =0.27 mfe‘ 
a-, =0,135 m/s “ 


r 




ION 

Fig, 9,101 


Example 4 A solid sphere of radius r is gently placed on a rough 
horizontal ground with an initial angular speed £i> 0 and no linear velocity. 
If the coefficient of friction is \i f find the time 1 when the slipping stops. In 
addition, state the linear velocity v and angular velocity d> at the end of 
slipping. 



Solution Let m be the mass of the sphere. 

Since, it is a case of backward slipping, force of friction is 
in forward direction. Limiting friction will act til this case. 


Linear acceleration 
Angular retardation 


a 

a 


f pwg 
-■ = = MS 

m m 



f 



2 r 



Fig. 9.103 


Slipping is ceased when, 
or 

or 


v= r<n 


<<7/) = r(0> n 

( 5 \igt) 
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55 Mechanics-11 


or 


and 


Ipgt =/■©<) 

2 #o 



i >=ot-\xftt =-re > 0 
v 2 

r L ) =■ — = - (0(t 

r 7 


Alternate Solution 

Nei torque on the sphere about the bottommost point is zero 
sphere will remain conserved about the bottommost point. 


Therefore, angular momentum oi the 


L^lf 


or 


/t)„ = Ao+ rtirv 

M 2 ^ 

— mr 1 f% = -[ tur~ £') + fiiti ter) 

5 5 


2 

(d = - W u 

7 


and v = r<o fi 

7 


Examples A hilliard hall, initially at rest, is given a sharp impulse by a 
cue. The cite is held horizontally a distance h above the centre fine as 
shown in figure. The ball haves the cue with a speed and because of its 
forward eng!ish (backward slipping) eventually acquires a final speed 

- v a . Show that 
7 0 

h=-R 


where R is the radius of the ball. 



Fig. 9,104 


Solution Let «* be .be angular S peed ofthe bull just niter i. leaves the cue. The maxim.™ friction acts i 
fervid direction nil the slipping continues. Let ybe the linear speed and to,he angular speed when slipping i 



Fig. 9.105 


Given, 




v — /?(t> or 



7 R 
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CHAPTERS Mechanics of Rotational Motion 51 


Applying. 


or 


Linear impulse - change in linear momentum 
F dt =my 0 

Angular impulse = change in angular momentum 
t dt = k o 0 

Fh dt =-■ iitH 2 w fl 


Angular momentum about bottommost point will remain conserved. 


Le., 

or 


- L f 


M 0 + m&'o - /<a + mRv 


- mR “ <% + wRVn - 
5 


Solving Lqs. (iii), (iv) and (v). we get 


2 o'J <)v A 

'a =- ttiR 

0 5 1,7 R J 


9 

+ - mRv a 
7 


h^R 

5 


■ 0 ») 


-(iv) 


-»(v) 


Proved. 


Example 6 Determine the maximum horizontal force F tint/ may he 
applied to the plank of i mass m for which the solid sphere does nor slip a :f it 
begins to roil on the plank. The sphere has a mass \f and radius R. The 
coefficient of static and kinetic friction between the sphere and the plank 
are p, and p * respectively. 



Fig. 3.106 


Solution The Tree body diagrams of the sphere and the plank are as shown below: 



Fig, 9.107 


Writing equations of motion : 

For sphere ; Linear acceleration 

"■ = ir =tM! 


Angular acceleration 

(P . f A/g )R 5 u s g 

**.(ii) 

2 ^ 2 R 

r + \ 

For plank : Linear acceleration 

-MR - 
5 

F-y t Mg 


d 2 - 

rn 

For no slipping: 

a 2 =a { + Ra 

-'W 

Solving the above four equations, we get 

( 7 \ 

F M+-mJ 


Thus* maximum value ot F can be p 

(M + ^ ra ) 
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52 Mechanics-1! 

Example 7 A uniform disc of radius % I® on a smooth S J„ wi ,hthe same 

angular velocity O) 0 is carefully lowered onto the first disc. Hou .> 
angular-velocity if the friction coefficient between them is equal to ft 

Solution From the law of conservation of angular momentum. 

koa := 2/w 

I lcre> / = moment of inertia of each disc relative to common rotation nxi> 


©= — = stead v state angular velocity 
2 


an 


The angular velocity of each disc varies due to the torque tofthe friction forces. To calculate t» 1 
elementary ring with radii r and r + dr. The torque of the friction forces acting on The given i ing is e 


let us lake 


dx = |j» 


™g 

2nr dr — 

%wsx 

■•i 

l»» J 


* ) 


r ? dr 


whore m is the mass of each disc. Integrating this with respect to r between 0 and wc get 

't 


T=- M y W 


The angular velocity ol the lower disc increases by dtoover the lime interv al 


T) 


dt = - I d<a = 


2k) 

[Ivgj 


din 


Integrating this equation w ith respect to ©between t) and ^ ,we find the desired lime 


t = 


>o <O t i 

8lU? 
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E XERCISES 


AIEEE Corner 

Subjective Questions (Level 1) 

Moment of Inertia 

1, Four thin rods each of mass m ami length / are joined 10 make a square. Find moment of inertia of all the 
four rods about any side of the square, 

2. A mass of 1 kg is placed at 11 m, 2 in, 0), Another mass of 2 kg is placed at (3 m, 4 m, 0) Find moment of 
inertia of both the masses about z-axis. 

7 T 

3- Moment of inertia ofa uniform rod of mass m and length f is — ml 1 about a line perpendicular to the rod, 

\2 

Find the distance of this line from the middle point of the rod, 

4, Find the moment of inertia ofa uniform square plate of mass M and edge a about one of its diagonals 

5. Radius of gyration ofa body about an axis at a distance 6 cm from its centre of mass is 10 cm. Find its 
radius of gyration about a parade! axis through its centre of mass. 

6. Two point masses m- and m 2 are joined by a weightless rod of length r. Calculate the moment of inertia 
of the system about an axis passing through its centre of mass and perpendicular to the rod. 

7, Linear mass density (mass/length) of a rod depends on the distance from one end (say /I) as 
a = (Oct + p) Here, a and pare constants. Find the moment of inertia of this rod about an axis passing 
through A and perpendicular to the rod. Length of the rod is /. 

Angular Velocity 

8, Find angular speed of second's clock. 

9. A particle is located at {3 m t 4 m) and moving w ith v = (4i - 3j)m/s. Find its angular velocity about 
origin at this instant. 

10. Particle P show n in figure is moving in a circle of radius R = \ (1 cm with linear speed v = 2m/$. Find the 
angular speed of particle about point O. 
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54 Mechanics-if p t,li,i wr velocities v and 2^as si)ow n 

11. Two poins/^d I !Er s !“°' 1 ’ diK 


ill 1 



12 . Point A of rod A/HI 2th J is moved upwards agaiifel 
ihc fisJ at an instant when 6 - 60*. 


ins, a wall •» vetoed r = h*. R«d *f*» *<** of 




X 


’N 


13, 


0 


Torque 


13. a force F = e 2i + 2k ) Nisactrugon a body at point <2 m,4m,-2 m). Find torque of this force about 
origin. 

14. A particle of mass m- I kg is projected with speed « = 2tK' 2 m/s at angle 0=45* with horizontal. Find the 
torque of the weight of the particle about the point of projection when the panicle is at the highest point. 

15- Point i is the centre of mass of the rigid body shown in figure, Find the total torque aciirifi on the body 
about point C. J 
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Rotation of a Rigid Body About a Fixed Axis 
Uniform angular acceleration 

17. A Wheel rotating with uni form angular acceleration covers 50 rev in the first five seconds a tter the start, 
hind the angular acceleration and the angular velocity at the end of five seconds. 

IS. A wheel starting front rest is uniformly accelerated with a = 2 rad/s' for 5 s, It is then allowed to rotate 

uniformly for the next two seconds and is finally brought to rest in the next 5 s. Kind the total angle 
rotated by the wheel. 

19. A wheel whose moment ofinertia is 0.03 kg m', is accelerated from rest to 20 rads in 5 s. When the external 
torque is removed, the wheel stops in t min. hind : 

(a) the frictional torque, (b) the external torque. 

20* A body rotating at 20 rad/s is acted upon by n constant torque providing it a deceleration of 2 rad ’S' At 
what time w ill the body have kinetic energy same as the initial value if the torque continues to act 7 

21. A uniform disc of mass 20 kg and radius 0,5 m can turn about a smooth axis through its centre and 
perpendicular to the disc. A constant torque is applied to the disc for 3 s from rest and the angular velocity 

at the end of that time is ^2^ rev/min. Find the magnitude of the torque, If the torque is then removed and 

it 

the disc is brought to rest in 1 seconds by a constant force of 10 N applied tangentially at a point on the rim 
of the disc, find /. 

22. A uniform disc of mass m and radius R is rotated about an axis passing through its centre and 
perpendicular to its plane w ith an angular velocity <o„- 11 is placed on a rough horizontal plane w ith the 
axis of the disc keeping vertical. Coefficient of friction between the disc and the surface isp. Find : 

(a) the time when disc stops rotating, 

(b) the angle rotated hv the disc before stopping. 

Non-uniform angular acceleration 

23. A flywheel w hose moment of inertia about its axis ot rotation is 16 kg-m is rotating tieely in its own 
plane about a smooth axis through its centre. Us angular velocity is 9 rad s " 1 when a torque is applied to 
bring it to rest in seconds, Find il: 

(a) the torque is constant and of magnitude of 4 Nm. 

(b) the magnitude of the torque after (seconds is given by kt. 

24. A shall is cuming at 65 rad/s at time zero. Thereafter, angular acceleration is given by 
a = -10 rad/s 2 -5/ rail 's 2 


where i is the elapsed time, 

(a) Find its angular speed at t = 3.0s. 

(b> How far docs il turn in these 3s ? 

25. Tito angular velocity of a gear is comrolled according to t»«=12-3r where eg in radian per second, ts 
positive in the clockwise sense and t is the time in seconds. Find the net angular displacement A0 from tic 
SS" ow7= 3S. Also, find the number of revolutions W through wh.ch the gear turns dunng the 3 s. 

26. A solid body rotates about a stationary asis according to the law &=ai-bl . where a - 6 rad/s and 
A = 2 rad/s 3 - Find the mean values of the angular velocity and acceleration over thv time u 
between / =0and the time, when the body comes to rest. 
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*. , ,, -ire in metres- Velocity of 

Angular Momentum e 

27 A particle of muss I kg is moving *>»£ *W* of lhe part icle about origin, 

l r pn ,* is 2Kind m*.** tf-** m " h point 0 - *«"• anE '"“ 

2 g A JU» tod of«.« - is mm* «*- a " “ s pia s 

momentum ohlie tod about rolationsvl ams. 


shown in figure Find anoint 



29, A solid sphere of mass m and radius R is rolling without slipping 
momentum of the sphere about z-nx is. 

y 



_ 

30. A rod of mass »> and length 2R is fixed along the diameter ora ring of same mass nt and radius R as shov. n 
in figure. 'Hie combined body is rolling without slipping alcmg-v-axis. find the angular momentum about 

asanas. 



Conservation of Angular Momentum 

3L II'radius of earth is increased, without change in its mass, will the length of day 
increase. decrease or remain same? 

32. Hie figure shows a thin ring of mass S4 = 1 kg and radius R = 0.4 m spinning about a 

vertical diameter. (Take / = - MR~\ A small head of mass m= 0.2 kg can slide 

without friction along the ring. When the bead is at the top of the ring, the angular 
velocity is 5 rad s. What is the angular velocity when the bead slips halfway to 0 *45* 



33, A horizontal disc rotaling freely about a vertical axis makes 10(1 ipm. A small piece of was of mass 10 g 
falls vertically on the disc and adheres to il ai a distance of 0 cm from the axis. If the number of 
revolutions per minute is thereby reduced to 00. Calculate the moment of inertia of disc 


1 
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34. A man stands al the centre t>J a circular platform holding his arms extended horizontally with 4 kg block, 
in each hand. He is set rotating about a vertical axis at 0.5 rev/s. The moment of inert in of the man plus 
platform is ! 6 kg-ni', assumed constant, The blocks are 90 cm from the axis of rotation. He now pulls 
the blocks in toward his body until they arc 15 cm from the axis of rotation. Find (a) his new angular 
velocity and (b) the initial and final kinetic energy of ihe man and platform. (e| how much work must 
die man do to putJ in the blocks ? 

35, A hori zorita f ly o ricn ted uni fori n disc ofrrtass A / and rad i us R rotates freely a bout a s e alionnry ve rt tea l axis 
passing through its centre. ! he disc has a radial guide along which can slide without friction a small body 
of mass m. A light thread running down through the hollow axle of the disc is lied to the body. Initially 
the body was located at the edge of’the disc and the w hole system rotated with an angular velocity c%. 
Then, by means o! a force F applied to the lower end of the thread the body was slow ly pulled to the 
rotation axis. Find * 

(a) the angular velocity of the system in its final stale. 

(b) the work performed by the force F. 

Pure Rotting 

36* Consider a cylinder of mass M and radius R 1> ing on a rough lira i/oiuat plane. It has a plank lying on its 
lop as shown, in figure, A force F is applied on the plank such that the plank moves and causes the 
cylinder to roll. The plank always remains horizontal. There is no slipping at any point of contact. 
Calculate the acceleration of the cylinder and the frictional forces at the two contacts. 



37. Find the acceleration of the cylinder of mass m and radius R and that of plank of mass M placed on 
smooth surface if pulled with a force F as shown in figure. Given that sufficient friction is present 
between cylinder and the plank surface to prevent sliding of cylinder. 


■pv 


38, in the figure shown a force F is applied at the top ol a disc ol mass 4 kg and 
radius 0.25 ni. Find maximum value ol /■ ior no slipping 



^ = 0.6 
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33. 


Mechanics I! 

In the figure shown a 
\Z = t0ms 2 ) 


solid sphere of mass 4 kg 


and radius 0-25 i" 



is placed on a rough surface Kind 


(a) minimum coefficient of friction for pure rolling to take fwe- 
(I)} Ifp > j.i mil „ find linear acceleration of sphere. 

(c) Up -ILee. t find linear acceleration o I cylinder. 

Here, u rili „ is the value obtained in part (a). 


Angular Impulse 

40. A uniform rod AB ofleneth 2/and mass rn is rotating in a horizontal plane about a vertical axis through A , 
with angular velocity ta when the mid-poim of the rod strikes a fixed nail and is brought immediately to 
rest. Find the impulse exerted by the nail. 

41. A uniform rod of length L rests on a friction less horizontal surface. The rod is pivoted about a fixed 
frictionless axis at one end The rod is initially at rest. A bullet travelling parallel to the horizontal surface 
and perpendicular to the rod with speed v strikes the rod at its centre and becomes embedded in it. The 
mass of the bullet is one-sixth the mass of the rod. 

(a) W hat is the final angular velocity of the rod ? 

fbt W hat is the ratio of the kinetic energy of the system alter the collision to the kinetic energy of the 
but let before the collision ? ^ 

42. A uniform rod AB of mass 3m and length 21 is lying ai n 
vertical axis thro ugh (he end A. A particle of mass 2m m 
die rod at its mid-point C. II die impacL is perfectly elastic 

(a) it strikes the rod normally. 

(b) its path before impact was inclined at 6ii° to AC. 


si on a smooth horizontal table with a smooth 
^ cs with speed 2u across the tabic and strikes 
Hnd lhe SP** oflhc particle after impact if: 


Objective Questions (Level 1) 

Single Correct Option 

1. 1 he moment of inertia of a body does not depend on 

(a) mass of the body rM . 

(c j the axis of rotation of the body fd) Noneofth^r ***** m lhe 

2. The radius of gyration of a disc of radius 25 cm is 

, (aH8cffi »)&5m (c) 36cm fd - 5ft 

3. A shaft initially rotating at 1725 rpm is brought to rest uni formly in ?f)s Th, i "" 

the shaft will make during this time is ' lL number of revolutions t 

« 1680 (b) 575 {c) 2S7 

4- /V man standing on a platform holds weights in his outstretched n ^ ^. 

cciKral vertical axis, if the man now pulls the weights inwards close to ' S !ibou 

« lhe velocity oftfie system will increase **** ,tol 

(b) the angular momentum of the system w ill remain constant 
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(c ) the kinetic energy of the system will increase 
(d) All of the above 

5 . I lie moment o I inertia of a uni form sent ieircular disc of mass M and radius raboui a line perpendicular to 
ihe plane of the disc through the centre is, 



(b) ±Mr 2 


fit) Mr 



6. Two bodies A and B made of same material have the moment of inertia! in the ratio I A : /* = 16:1& The 
ratio of the masses m A : m R is given by 

(a) cannot he obtained ' 2 ■ 3 

»(dj 

7. \\ hen a sphere rolls down an inclined plane, then identity the correct statement related to the work done 
bv friction force 

(a) The friction force does positive translational work 

(b) The friction force does negative rotational work 

(c) The net work done by friction is zero 
<d} All of the above 

8. A circular labfe rotates abom a vertical axis with a constant angular speed <a A circular pan rests on the 
turn table (with the centre coinciding with centre of table) and rotates with the table. The bottom of the 
pan is covered with a uniform thick layer of ice which also rotates with the pan. The tee starts melting. 
The angular speed of the turn table 

(a) remains the same 

(b) decreases 

(c) increases 

(d) may increase or decrease depending on the thickness of ice layer 

9. If R is the radius of gyration of a bod) of mass M and radius r, then the ratio of its rotational to 
translational kinetic energy in the rolling condition is 


10. A solid sphere rolls dow n two different inclined planes of the same height but of different inclinations 
(a) in boLh cases the speeds and time of descend will be same 

(b> the speeds will be same but time of descend will be different 

(c) the speeds will be different but time of descend will be same 

(d) speeds and time of descend both will be different 

11. For the same total mass which of the following will have the largest moment of inertia about an axis 
passing through the centre of mass and perpendicular to the plane of the body 

(a) a disc of radius R tf>) a ring of radius R 

(c) a square lamina of side 2R (d) tour rods forming a square of side 2 R 

12. A disc and a solid sphere of same mass and radius roll down an inclined plane. The ratio of the friction 
force acting on the disc and sphere is 




(d) depends on angle of inclination 
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-leal axes through hs centre. A ri n „ 

it irtcitv o ahou 1 J ' L . ^ von ihc disc. After some 

60 ..Heiv^a^^.^'^lypiucedeoaxtall- 

W&SKKSfeJSS- 

(a) nn fricMon cxeU » fthe system s 

! b >t'-^ !3r vdl ,city t S '“ 

(d Ihc ;>n . f partly rolling and partly sliding, 

« All unite above 0 „ , roog h horizontal surface. P 

A solid homogenipus **“• - hew 

Divine lilts kind ol «P"°" “ is conserved , loriro mol surface is conserved 

(d> None ol‘the above d _ 3 * - 2 where x and y are in melre, with 

*—r r -ss r ra ^X“i—- -* - 

constam velocity.-Sms ,lticm. = < c ) 4.5 kg mV 


14. 


{a) 12 kg mV 1 


(d) 8*0 kg mV ! 


16* 


(b) 6.0 kg mV 

i hnrtTnnial floor moving with a speed v, li makes an 
A solid sphere rolls without slipping on a rough horizontal floor, me S 

elastic collision with a smooth vertical wall* -Alter impact, 

(b> its molten will be roiling wiih slipping initially and its relational motion will stop momentarily at 
some instant 

{c) its motion will be rolling without slipping only after sonic time 
(d) All of the above 


17. The figure shows a square plate of uniform mass distribution, A A' and BB' 
are the two axes lying in die plane of the plate and passing through its 
centre of mass. It 1„ is the moment of inertia of the plate about A A' then its 
moment of inertia about the BB axis is 

(i,) ** *. (b) / cos 0 



(cl 


f t ,cos‘ 


0 


(d) None of these 


18. A spoof is pulled horizontally on rough surface by two equal and 
opposite forces as shown in the figure. Which of the following 


19, 


y.QTQ 


statements arc correct? 

(a) The centre of mass moves towards Iclt 
(b} The centre of mass moves towards right 
(c) The centre of mass remains stationary 
<d) The net li.rquc about the cenlre of mass of the sn„„t ; c 

l w o identical discs are positioned on a vertical avis ^ t, 
disc is rotating:at angular velocity an( j has . * S " 0Wn m the figure* The bottom 

is initially at rest, ft then falls and sticks to the bott mc !’ c cner §y K o ■ The top disc 

kinetic energy of the system is 0111 disc. The change in the rotational 

(a) K 0 n 

(c 1-^/4 &)~K Q f 2 

W> ^ 0 /4 


■ --- 


Rough 
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20, I he moment of inertia p! hollow sphere (mass V) of inner radius R and outer radius 2 R, having material 
of uniform density, about a diametric axis is 


(a) 31 MR /70 


(b) 43AfR 2 i9Q 


(c) 1 4MR' 


id) None of these 


21. A rod of uniform cross-scc lion of mass M and length /. is hinged about an end to swing freely in a vertical 
plane, f Towever, its density is non uniform and varies linearly from binged end to the free end doubling 
its value. The moment of inertia ol the rod, about the rotation axis passing through the hinge point is 


(a) 


ZAiif 


(b.) 


3M“ 


(c) 


IMlr 


9 16 ’ ' 18 
22. Let /j and 1 2 be the moment of inertia of a uniform square plate about axes 


(d) None of these 


slumn in the figure. Then the ratio / ,; / , is 

W'l^ 

(c) l: — 

12 


(b) l;Ji 

(d) 1:7 



23* Moment of inertia of a uniform rod oflength L and mass M, about an axis passing through / 4 from one 
end and perpendicular to its length is 


(a) — MI- 
36 


(b) — ML 2 
48 


11 -> 

(cl — Mr 
48 


(d> 


ML* 

12 


24. A uniform rod oflength L is free to rorate in a vertical plane about a fixed horizontal 
axis through B. The rod begins rotating from rest. The angular velocity wai angle 0 is 


given as 

m 

w j(f ) sin0 

(d) 


V 


cos 


e 


«i) |f)cose 

25. Two pari ides of masses m x and m 2 are connected by a light rod oflength Ho constitute a dumb-bell. The 
moment of inertia of the dumb-bell about an axis perpendicular to the rod passing through the centre of 



mass of the two particles is 
.1 


(a) 


m x m 2 r 


(b) fa + m 2 )r 


(O 


iM| m 2 r 


26. 


rti] + m 2 Sh s 

Find moment of inertia of a thin sheet of mass M in the shape of an equilateral 
triangle about an axis as shown in figure. The length oi each side is L 
i,o (b) 3M 2 /8 


(d) (nr t - irt 2 ) r 
Axis-- 


(a) MI ft 8 
(c) 


(d) None of these 


27. A square is made by joining Four rods each oi mass Mand length L Us moment of inertia 
about an axis PQ> in its plane and passing through one of its comer is 

(a) 6 Ml} < b > *** 


(c) - ML 1 

3 


(d) — ML 2 
3 
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62 Mechantcs-ll 

28. A thin rod o! length 4/, mass 4 m is bent at the points as shown in the figure. What is the moment of inc^, 
oi the rod about the axis passing through O and perpendicular to (he plane of the paper? 


/ \ m t 2 


(b) 




29. 1 he figure shows two cones A and B with the conditions : h A </j w : p A >p fJ \ 
#,.i = R B ,tl \ = m s - Identify the correct statement about their axis of symmetry. 

(a) Both have same moment of inertia 

(b) A has greater moment of inertia 

(c) B has greater moment of inertia 

(d) Nothing can be said 

30. Linear mass density of the two rods system, AC and CB is ,v. Moment of inertia 
of two rods about an axis passing through AH is 


xl ? 

(a) —rf 

4y 3 

v/‘ l 

(b, 7? 

(c) —- 
4 

(d) ^ 

<w? 



JEE Corner 

Assertion and Reason 

Directions : Choose ifte correct option. 

(°> lfbo!h Assertion and Reason are true and the Reason is correct explanation of the Assertion, 
(h) ft both Assertion and Reason are true hut Reason is not the correct explanation of Assertion 
(f) if Assertion is true, but the Reason is false. 

id) If Assertion is false hut the Reason is true, 

m“. : ***** ° f *** 0f 8 '** ab0U ' my «“ mm ta centre of mass 


minimum. 

Keaspn ; Krom theorem of parallel axis. 


> = '« * Mr 


c 


2. Assertion : A ball is released on a rough ground in the rrmrUtiem ~ 

will start pure rolling afler some lime Inwards left side * " 11,1 '' UIC ' l! 

Reason: Friction will convert Ihe pure rotational motion of the ball into pure rollinu --- 

. Assertion : A solid sphere and a hollow sphere are mlli™ . , 

translational kinetic energy of solid sphere is V it, f ^ With same total kinetic enereie; 
should be greater than K ? ^ ’ lhcn kinetic energy of hollow 1 

Reason : In case of liollow S p|ic re rotaiional kinetic energy is | lss lhan it 

5. ic^s than ns translational kinetic 
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4, Assertion : A small ball is released from rest from point A as shown, I ( bowl is 
smooth than ball wi ll exert more pressure at point 11, compared to [he situation if 
bowl is tough. 

Reason : Linear velocity and hence, centripetal force in smooth situation is 
more. 



8 


5. Assertion : A cubical block is moving on a rough ground with velocity v 0 , 

l Airing motion net normal reaction on the hlock from ground will not pass 
through centre of cube. It will shift towards right. 

Reason : U is to keep the block in rotational equilibrium. 

6 . Asset (ion : A ring is roiling without slipping on a rough ground. It strikes 
elastically v. nit a smooth wall as shown in figure. Ring will stop after some 
time while travelling in opposite direction. 

Reason : Net angular momentum about an axis passing through bottommost 
point and perpendicular to plane of paper is zero, 




7. Assertion : There is a thin rod AB and a dotted line CD- All ihe axes we are talking about arc 
perpendicular to plane ol paper. As we take dilfcrent axes moving front A to D, moment of inertia of the 
rod may first decrease then increase. 



fl 


Reason : Theorem of perpendicular axis cannot be applied here. 

8 . Assertion : if linear momentum of a particle is constant, then its angular momentum about any axis will 
also remain constant. 

Reason i Linear momentum remain constant, if = Oand angular momentum remains constant if 


* net — ^ 


B 


c- 


Assertion : In the figure shown, A , B and Care three points on the circumference 
of a disc. Let v 4 . v B and i' r are speeds of these three points, then 

v c> v b> v a ’ - 

Reason : Incase of rotational plus translational motion of a rigid body, net speed of any point (other than 
centre of mass) is greater than, less than or equal to the speed ol centre ol mass. 

Assertion : There is a triangular plate as shown, A dotted axis is lying in the plane of slab. As the axis is 
moved downwards, moment of inertia ol slab will first decrease then increase. 



Reason : Axis is first moving tow ards its centre of mass and then it ts receding from it. 
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.'.olid sphere i :l;iCC<i 

* «stfgS^»ste-'T 

Objective Questions (Level 2) 

Single Correct Option on ^ mizoa uH sut fee? 

L [o thesis fi S «« •* Hn* oi a string whfl^M* 

while o body of equal '^ n ^;., l[;rn is release- ri1 ^ rpUs . 
wounded on the ring. uf t and choose 

..L-iin.nIfiv tonsider the following m**™ 




without slipping Consider 
rhe corral option- 2g 

(|) acceleration of the centre of mass oi tma * - j - 

iii) acceleration of hanging ptuiiele is — 

(iii) frictional force ion the ring) acts in forward direction 

m, MuM for* («*•*»>•* i "^ kw " a iTlSLdm (ill and0U) only «e Ponect 

(a) Statement (i) and (it) only arc correct W . ' 

(cl statement (iii) and (K'l only arc correct (d) None Of these 

2. A solid sphere of mass 10 kg is placed on rough surface having coefficient ot p= ™_ 

friction |Ut = 0. L A constant Ibrce F = “ N is applied along a line passing 

through the centre of the sphere as shown in the figure. 1 he value of frictional __ 

force on the sphere is 

(a) IN (b) 2N 

ft) 3 N (d) 7 N 

3. From a uniform square plate of side a and mass m, a square portion DEFG of side — 

2 

is removed. Then, the moment of inertia of remaining portion about the axis .d/?is 

W ~f <b) 2221 

16 16 


n = 0.1 


(c) 


3ma~ 


(d) 


%Kt 2 


4 16 
L A sn ™ J J so I id sphere of m ass wand radius rstaiting from rest fro m the rim of a 
Hvetj hemispherical howl of radius #[>>,) mils inside it without sliding 
The normal reaction exerted by the sphere on the hemisphere w hen it reaches 
the hoi tom of hemisphere is 

2 £">** (b) (9/7)„, ? 

(c) {nn)a, X (d) (17/7)4 

A turifom, solid cylinder of mass raand radius H is placed 0 „ a rough horizontal 
surra re. A horizontal constant force Misapplied at the top point ,.r a 
so that it starts pure rolling. The acceleration of the cylinder is ' ^ 

!ci 4/ 0,. < b > 2 F/ 3'” 

(C> 4 *" (d) $Fn m 


An evaluation version of novaPDF was used to create this PDF file. 
Purchase a license to generate PDF files without this notice. 

























CHAPTER Mechanics of Rotational Motion 65 


6, Jn the above question, the frictional force on the cylinder is 

(a) F 3 towards right (b) FI 3 towards left 

(c) 2F/3 towards light (d) j£F/3 towards left 

7 , A small pulley ofracUus 20 cm and moment of inertia 0.32 kg -m" is used to hang a 2 kg 
mas* with ihc help of massless string. If the block is released, for no slipping condition 
acceleration of the block will he 

(a) 2 m/a ‘ 

(b) 4 m/s" 

(c) I m/s' 

(d) 3 m/s ‘ 

S. A uniform circular disc of radius R is placed on a smooth horizontal surface with 
its plane horizontal and hinged at circumference through point O as shown. An 
impulse Misapplied at a perpendicular distance h from its centre C. The value oi 
h so that the impulse due to hinge is zero, is 

(a) R lb) Rf 2 

(c) R/3 (d) JIM 

9. A rod is supported horizontally by means of two strings of equal length as 
show n in figure. If one of the string is cut, 1 hen tension in other string at 
the same instant w ill 

(a) remain unaffected 

(b) increase 

(c) decrease 

(d) become equal to weight of.the rod 


.<j: 


% 









T 

Mg 


JO. 


. 1 . 


The figure represents two cases. In first ease a block of mass M is attached to a 
string which is tightly wound on a disc ol mass M and radius R In second case 
F = Mg, Initially, the disc is stationary’ in each case. If the same length ol strmg 

is unwound from the disc* then 

(a) same amount of work is done on both discs 

{b) angular velocities ot both the discs arc equal 

(c) both the discs have unequal angular accelerations 

(d) AJ1 of the above 

A uniform cylinder of mass M and radius R is released from it* on a rough 
inclined surface of inclination 6 with the horizontal as shown in figure. As the 
cylinder rolls down the inclined surface, the maximum elongation in the spring 

of stillness k is 



fa) 

<c> 


3 Mg sin 0 

4 ~ ~k~ 

Mg sin Q 


(b) 


2 Mg sin 0 



id) None of these 


2 . 


A uniform rod of mutt . and long* / roU.cs in . horizontal pl~e ' 

vertical axis passing through one end The tension in the rod at a distance a trom avis ts 

(a) I«, ! r (W (c) f mcu"/ (d) --J 

2 2 V ' / V 
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* 


_y 


(b) + 10j .ns' 1 ami (- 100 i + 5j 1 ms ; 
- “ 1 and - 5j ms 


w, 



(d) yja : + (to : R) : 


, „ , . y* 

56 Median ics-11 , ,h e fixed poN O m the , 

13. A rod of length ' - «** in t,K ^"^uTvolooily <*«« + * wher * Tl. 

/i aw=0is 

(a)+ ,(Hms-and rSims -Wires 

(c) -lOjtns and(l00i + J j) ,n 3? . - 

14. A ring of radius R rolls on a horizontal surIa “ angular 

,hc centre of mass as shown m hgurc. II to .s U* "» ■ 
velocity of the ring, then the net acceleration of die point ol comae 

with ground is 

(a) zero (b) <r 

15. The density of a rod increases linearly from A 10 B. Us midpoint isOand its centre of mass isaiC. 

Four axes pass through A, B,0 and C all perpendicular to the length of the rod, T he moments of 
merlin of the rod about iliesc axes are / { ,i $, /> and i c respectively, 1 hen 

(a> / , >l B (t>) i c <l E (0 i a >l c (<*) Ail ofihc&c 

16, The figure shows a spool placed at real on a horizontal rough surface, A tightly would 
string on the inner cylinder is pulled horizontally with a force F. Identity llie correct 
alternative related to the friction force /acting on the spool 
(a) / acts leftwards with f <F 

t hi / acts leftwards bm nothing can he said about its magnitude 
(c) / < /- but nothing can be said about its magnitude 
fd) None of the above 

1 7. A circular ring of mass wand radius R rests flat on a horizontal smooth surface 
as shown m figure, A particle of massif and moving with a velocity v collides 
inelasttcally (e - 0) wiih the ring. The angular velocity with which the system 
rotates after the panicle strikes the ring is ' ‘ m 



2M 
, . 2v 

m Th 


(b> S 



28, 

A stationary uniform rod in the upright position is allowed to fall on a sm™. t 
surface. The figure shows the instantaneous position of the rod Id 1 ? 0t,Z0lUa l 
statement. K r - Idem «y die eotrect 

(a) normal reaction N is equal to Mg 
fb) ,V does positive rotational work about Ihe centre ot mass 
{e/ a couple ol equal and opposite forces acts on the rod 
(d> All of (he above 

19. A thin uniform rod of mass wand length /is free to rotate about its upper en.l Wh 

receives an impulse./ at its lowest point, normal to its | e „„,l, | lllm Jf" lt „ hc " “ ls at rest. I 

(a) the angular momentum of ihe rod isJ/ B me diately alterimpact 

<b) the angular velocity of the rod is V (ml 
(c) the kinetic energy of (he rod is Xf*t2m 
fd) All of the above 
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20 . 


.A rectangular block ot size (Ax A) moving with velocity v j enters on a rough 

suilhcc where (he coefficient ot friction is j.i as shown in figure. Identify the 
correct statement. 


(aj I lie net torque acting on the block about its COM is p mg (clockwise) 


(b) The net torque acting on the block about its COM is zero 

(e) Hie net torque acting on the block about its COM is in the anticlockwise sense 

(el > None of the above 



va 


Smooth Rough (ji) 


21, A uniform rod ol length L and mass m is free to rotate about a ffictionless pi\ oi at 
one end its shown in (igurc. I he rod is held at rest in the horizontal position and a 
coin ot mass /wis placed at the free end. Now the rod is released. The reaction on the 
coin immediately after the rod starts falling is 
/ \ 3 mg 

w (b) 2 mg 



(c) zero 



22, A spool is pulled at an angle G with the horizontal on a rough horizontal 
surface as shown in the figure. If the spool remains at rest, the angle 0 is 
equal to 


f) 


(a) cos I — 

(c) ^“COS 




’f-] 


(b) sin 
(d) sin 1 1 — 


g) 



23. Uniform rod AB is hinged at end A in horizontal position as shown in the 
figure. The other end is connected to a block through a massless string as 
shown. The pulley is smooth and massless. Mass of block and rod is same 
and is equal to m . Then acceleration of block just after release from this 
position is 

(a) 6^/13 (b) g/4 

(c) 3#/8 (d) None of these 



24, A cylinder having radius 0.4 m, initially rotating (at / = 0) with « 0 = 54 rad sec is 
placed on a rough inclined plane with 0 = 37° having friction coefficient p = 0,5. The 
time taken by the cylinder to start pure rolling is (g = 10 m/s") 

(a) 5.4 s (b) 1.2 s 

(c) 1.4 s (d) fSs 

25, A disc of mass M and radius R is rolling purely with center’s velocity r 0 on a flat horizontal floor 

when it hits a step in the floor of height RJ 4, The corner of the step is sufficiently rough to prevent 
any slipping of the disc against itself. What is the velocity of the centre of the disc just after impact? 




fa) 4v 0 /5 (b) 4v 0 /7 

(c) 5v 0 /6 (d) None of these 
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26 . 


Mechanic-11 . . ^fece of 

ErSSS=a=“srs 

I. The sphere will begin pure rolling all 

ylt ( c ) 

(a 11 7wi ^ ■ vwus 1 iauid of mass fflt When the sphere 

27. A Ml hollow aptu* rf^«^^£ 2 S 3 Rlite «W* energy of the qM M^ «° 

. T ' 1 ' r,in 4 2 (d> None of these 

{c} -ruv v 


i!'- 

5g£ 


<d> 


2» 


fixed inclined plank with an 


nill-on horizontal ground suctnbai centre mov on 

M, A solid uniform disc of mass ^ rolls without slipping ■ 

acceleration a The frictional force on the disc due to surface P j 

(a) -j- nw (b) | ( c ) (d) 2 

29. A uniform slender tod of mass m and length L is released from rest, with its lower end a 

frictionicss horizontal floor. At the initial moment, the rod is inclined at an angle0 - 30 6 with the vertical 

Then i he value of normal reaction from the floor just after release will be 

(a) 4 mgJ? (b) 5 mg/9 (c) 2mg/5 (d) None o Hire sc 

30. In the above problem, the initial acceleration of the lower end of the rod will be 

fa) g&/4 (b) jfv/j/S (c) 3jrV3/7 (d) None of these 

31. A disc of radius A J is rolling purely on a Hat horizontal surface, with a constant angular 

velocity. The angle between the velocity and acceleration vectors of point P is p 

(a) zero (b) 4S e 


(c) ran ( 2 ) 


<d) tan " 1 ( 1 / 2 ) 



32. A straight rod AB of mass M and length I is placed on a frictionless horizontal surface. A force having 
constant magnitude F and a fixed direction starts acting at the end A. The rod is initially perpendicular to 
the force, The initial acceleration of end H is 

M Kr0 (b>2F/M (c) 4FIM (d) None of these 

33. In ihe ligune shown, i he inscantaneous speed of end A ofihe rod is pto ihe lefl. The angular velocily of the 
nod of length L must be J 


<a> v!2L 



2l 


34, A particle moves parallel to v^axis with constant velocity vas shown in 

the figure. The angular velocity of the particle about the origin O 

(a) remains constant 

(b) continuously increases 

(c) continuously decreases 
id) oscillates 


2 v 

(d) j 
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35 , A thin uniform rod of mass M and length L is hinged jt its upper end, and released from rest from a 


horizontal position. The tension ai a point located at a distance / 3 front the hinge point, when the rod 
becomes vertical, wilt be 

(a) 22 MgJZ7 lb) 11 .Mfe/i 3 (c)&Mg/ll (d) 2 Mg 


36, A uniform rod AB oi length /.and mass mis suspended freely at A and hangs vertically at f • 5 



rest when a particle of same mass in is lired horizontally with speed vto strike the rod at 
its mid point, If the panicle is brought to rest after the impact. Then the impulsive 
reaction at A in horizontal direction is 


(a) tnviA 
(c) mv 


(b) mvfl 
(d) 2 wv 


37. A child with mass m is standing at the edge of a merry go round having moment of 



inertia /.radius R and initial angular velocity etas shown in the figure. The chi Id jumps 
off the edge o f the merry go round with tangential velocity vwitli respect to theground. 
The new angular velocity of the merry go round is 




38. A disc of radius R is spun to an angular speed % about its axis and then 




friction isj.i. The sense of rotation and direction of linear velocity are shown 
in the figure. The disc will return to its initial position 


(b) irrespective of the value of p. 
(d) if |i > 1 


(a) if the value of p < 0.5 
(c) if the value of 0.5 <p < I 


39. A racing car is travelling along a straight track at a constant velocity, o* 



40 m/s. A fixed TV camera is recording the event as shown in figure. In order 



to keep the car in view , in the position shown, the angular velocity of camera 


should be 

(a) 3 rad/s 

(b) 2 rad/s 
(e) 4 rath's 
(d) I rad/s 


30 4 / 



40. A uniform rod OA oflcngth I, resting on smooth surface is slightly distributed 

from its vertical position. P is a point on the rod whose locus is a circle during the 
subsequent motion of the rod, Then the distance OP is equal to 



fa) i/2 

fb) //3 

(e) i/4 


(d) there is no such poim 

41, i n the above question, the velocity of end 0 when end A hits the ground is 

(a) zero 

(b) along the horizontal 

(c) along the vertical 

(d) at some inclination to the ground 90 6 ) 
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70 Mechanics-1! . hfts ^ ground ** 

42. In i he above question, the velocity of end A ai ihe (<j) None o\ these 

(a) ,/9 (b > ^ ?ever belt moving wilh constant velocity 

43. A solid sphere of mass fli and radius R isgemi.v h distance traveled hy the centre ot the 

v ir coefficient of friction between belt and sphere * # . 
sphere before it starts pure rolling U 


ffifi 


*<s 


W f 

h 


<b> 


M 




(d) 


H 


4/ 


44, 


Passage: (Q. No, 44 to 47) 

A uniform rod of mass m and length / is pivoted at point &■ The rod is 
initially in vertical position and touching a block of mass M which is at 
rest on a horizontal surface. The rod is given a slight jerk and it starts 
rotating about point 0. This causes the block to move forward as shown. 

The rod loses contact with the block at 0 = 30*. All surfaces arc smooth. 

Now answer the following questions. 

The value of ratio Mm is 

(a> 2 :3 (b) 3:2 (c) 4 : 3 

45. I he velocity of block when the rind loses contact with the block is 

» & m & M M 

4 4 4 

46. Hie acceleration of Centre of mass of rod. when it loses contact with the hlock is 

5 ‘- 4 W %« (c) 3gl2 (" 3t/4 

47. Tlic hinge reaction ai CJon the rod when ii loses contact with the block is 

.5 - A / Ml.rp . / \ 


(d) 3:4 

mM 


W »(!+}) 

4 


rbi 


m 


fc) 


(?) 





Passage: (Q.No.48to5Q> 

Consider a uniform disc of mass m, radius r mtTtrtir - 

acceleration a and angular acceleration « due to an external force F al showi n’ ' .T & r SUrfac ^ vv ith tinea 
friction is 71 ™ l0rCt f ** ihmvn » the figure. Coefficient 0 




48. by ftpfrictional fbreea, the i„ slant is 

8) 2 

49. Tile magnitude of frictional force acting on the disc is “ 

^ ^ < b J ^ (C ) 

2 


id) zero 


(d) zero 



An evaluation version of novaPDF was used to create this PDF file. 
Purchase a license to generate PDF files without this notice. 
















CH r\PT E R 9 Mec hanlc s of Rotational Motion ?} 


SO, Angular momentum of the (Use will he conserved about 

(a) centre of’mass 

(b) point of contact 

(c) a point at a distance 3R 2 vertically above the point of contact 

(d) a point at a distance 4 R 3 vertically above the point of contact 


P 3 SS 3 gfi • (A* No. 51 to 53) 

A tennis ball, starting from rest, rolls down the bill in the drawing, At the end of the hill the bait becomes 
airborne, leaving at an angle of 37 Q with respect to the ground. Treat the hull as a thin-walled spherical 

shell. 



id) 



52 Maximum height reached by ball H above ground is 

(a) — ~ (b)^ (0) W 

35 35 


25 



53, Range* of the ball is 

(a) !** /. 

125 


«1" 


(c) — h 
35 



More than One Correct Options 

1. A mass m of radius r is rolling horizontally without any slip with a linear speed v. It then rolls up to a 

. 3 V’ 

height given by - — 

4 g 

(a) the body is identified to be a disc or a solid cylinder 

(b) the body is a solid sphere 

(c) moment of inertia of the body about instantaneous axis of rotation is -mr 

(d) moment of inertia of the body about instantaneous axis of rotation is - ' 

aboul 

2 

(a) the Y-axis is - ml 2 

4 2 

(b) the 2 -axis is — ml* 

3 ■ J 0 ji 

(c) an axis parallel to the 2 -axis and passing through a comer is - mi 

,5 ,1 

(d) one side i $-mr 

3 
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3 . 


Mechanics-1> 


l|^ ;iS SllOW II 


4. 


. MmV 

A uniform died* Hi* 

instant. its posltton is* sho T ... cpcrtty than section^ 

(») seel ton ^ tas grtaKT rfly sec*^ * *-" 

W section at ■ has as seclioil« 

( d) the sections CP and /M " a e n , wCV planks 

A cyiinsicro. * * - # '■»■“ **■*?*" 

in the figure Then v . , „i setwise 

„, angular vctociij' of the cylinder is •- MM #*■' 

"« ^ r 

(b) angular velocity *>l the cylinder is — cK’ck% 

ft) velocity ofeeMie of mass of the cylinder is' tow «ds. 1^ 
cdl velocity of centre of mass of the cylinder is t« rt ' ar s ~ 

Be A uniform rod ofnras»m - 2 kg and length / 0.5 m is sliding along tw o 
mutually perpendicular smooth walls with Che two ends P and O having 
velocities v* =4 nvs and i‘, j - .i m ; 's as shown. Hicn 
<aj The angular velocity of rad, &> = 10 rad > s, counter clockwise 
(b) The angular velocity of rod. <o - 5.0 rad s, counter clockwise 
(c j Tire velocity of centre of mass of rod, v tm = 2.5 m/s 

(d J The total kinetic energy of rod. A' - — joule 



-3v 


i/q = 3 m/s 



vp = 4 m/s 


•j-r 


6, A wheel is ro fling without slipping on a horizontal plane with velocity v and 
acceleration tiof centre of mass as shown in figure. Acceleration at 

(a) A is vertically upwards 

(b) 8 may be vertically dow nwards 
(cj C cannot be horizontal 
(d) a point on the rim may he horizontal leftwards 

7. A uniform rod of length i and mass 2 m rests on a smooth horizontal table, A 

point mass m moving horiztataMy at right angles to the rod with veloeitv v collides with one end of the 
rod and slicks it. Hicn 

(a) angular velocity of the system alter collision is - 

( 



(b) angular velocity of the system after collision is - 

27 

(c> the loss in kinetic energy' of the system as a whole 


as a result of the collision is — 

6 


as a result of the collision is /m 


24 


(tl) the loss in kinetic energy of the system as a whole 

8. A nontmifomi ball of radius R and radius of ayratton »h 

frictioniess surface, The geometric centre coincides with Th £TOmetnC ccntre is ke P l on a 
horizontally with a sharp impulse*./, The point of of lliass ' The bal1 is struck 

surface. Then P on of thc impulse is at a Height h above the 

(a) the ball with slip on surface for all cases (hi iu,. u „ 

(c) the ball will roll purely if 4 = 5R/2 therew plirely ^ fl ” 5RM 


rotation if I, = r 
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9 . A fwllow spherical hall is given an initial, push up ail Incline of inclination angle a. The ball rolls purely, 
Coefficient o! sialic friction between ball and incline -p. During its upw ards journey 

(a) I riel ion acts up along the incline (b) ji £2 lan a /5 

(c) friction acts dow n along the incline (d) p £ 2 tan a /7 

10. A uniform disc ol mass m and radius R rotates about a fixed vertical axis passing through its centre with 
angular velocity to, A particle of same mass m and having velocity of 2 aR towards centre of the disc 
collides with the disc moving horizontally and sticks to'tts rim. 

(a) The angular velocity of the disc will become ov 1 3 

(b) The angular velocity of the disc will become S*v 3 

jjj 

(c) The impulse on the particle due to disc is —— 

■-5 

J 

(d) The impulse on the particle due to disc is 2mtaR 

11. The end B of the rod AB which makes angle 0 with the floor is being pulled 
with a constant velocity vy, as shown. The length of the rod is /. 

(a) At 0 = 37* velocity of end A is - v 0 downwards 

(b) At 0 = 37* angular velocity of rod is —■ 

(c) Angular velocity of rod is constant 

(d) Velocity of end A is constant 



Match the Columns 

1. A solid sphere, a hollow sphere and a disc of same mass and same radius are released from a rough 
inclined plane. All of them rolls down without slipping. Qn reaching the bottom of the plane, match the 
|wo columns. 


Column 1 

Column ll 

(a) time taken to reach the bottom 

(p) maximum for solid sphere 

(b) total kinetic energy 

(q) maximum for hollow' sphere 

{c) rotatioral kinetic energy 

(r) maximum for disc 

(d) translational kinetic energy 

-fs) same for all 


2, A solid sphere is placed on a rough ground as shown. E is the centre of 
sphere and DE > EF. We have to apply a linear impulse either at point 
A. Bor C. Match the following two columns. _ 

Column 1 Column II 

(a) Sphere will acquire maximum (p) A 
angular speed it impulse is applied 

at 

(b) Sphere will acquire maximum (q) B 
linear speed it impulse is applied 

at 

(c) Sphere can roll without slipping if (r) C 
impulse is applied at 

(d) Sphere can roll with forward (s) ai any point A. B 

slipping if impulse is applied at | or C __ 


A -- 
B - 

c -- 


-10 

"If 

1 

•' 1 i ■ 
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3. Tl.cinclinc<Jsurtaccs>liowiiiiU' lw n columns. 


I nt intlHii-v. x t h lllL- two ' 

frfctfanai forces arc mentioned Maich«it 

Column I 




Z 


Column If 


(p) upwards 


Rolling upwards 


fb) 



Kept in rotating. position 


(0 


z . 




(q) downwards 


(r) maximum friction will act 


Kept in [nutsrational position 


td> 


z _ 


(si required value of friction will 


act 


Kept in translational position 


4. A rectangular stab A BCD have dimensions ax shown in figure. Match the following two columns. 



Column 1 

(a) Radius of gyration about axis-1 

fh) Radius of gyration about axis-2 

(c) Radius ofgyratEon about axis-3 
Ml Radius of gyration about axis-4 


(p) 


Column II 

a 


To 


'"TB 
<r) fi 

(s) None 


>. A small solid ball ro || s doKn a| Sllfficje h 
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Column I 


Column It 


I 


V 


1®) Rotational kindle energy in) weft 
of ball at point-2 

fb) Translational kinetic (q) ^ mgh 
energy of ball at point-3 

(e) Rolal tonal kinetic energy (r) - mgh 
Of bail at poinl-4 


(d) Translational kinetic 
energy nf ball at poini*4 


(st) None 


6 . A uniform disc of mass 1 0 kg. radius 1 m is placed on a rough horizontal surface. The coefficient of 
friction between the disc and the surface is 0.2. A horizontal time varying force is applied on the centre of 
the disc whose variation with time is shown in graph. 

RN> 


SON 



8 s 

Column I 

Column 11 

(a) Disc rolls wit ho til slipping 

(p) at t = 7s 

(b) Disc rolls with slipping 

(q) at r = 3 s 

(c) Disc starts slipping at 

(r) at r = 4 s 

(d) Friction force is 10 N at 

(s) None 


7, Match (he columns. 


Column 1 

Column 11 


, MR 2 

(a) Moment of inertia of a circular 

(p) , 

disc of mass M and radius R about 


a tangent parallel to plane of disc 

n 

<b) Moment of inertia of a solid 

<q) - W/f 2 

sphere of mass M and radius R 


about a tangent 


(c) Moment of inertia of a circular 

(r) 7 JUR 2 

disc of mass M and radius R about 

4 

a tangent perpendicular to plane of 


disc 


f d) Moment of inertia of a cylinder of 

(s) 7 MR* 

mass M and radius R about its axis 

z 
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Subjective Questions (Level 2) nflhoriiOTlta i (ur fi^- For yo-yo the string « 

1. Figure shows three identical yo-yos initially ai rc$ ^ su ff lC i cn t friction for llw u> ™ (? nit um 

pulled in the direction shown. In each ease v * Ifl vv , hlH direction will cadi yo-yo rota e 
slipping. Draw the frec-body diagram for each yo-y 



2. A uniform rod of mass m and length / is held horizontally by two vertical 
strings of negligible mass, as shown in (he figure. 

(a) Immediately after the right siring is cut, what is the linear acceleration 
of the free end of the rod ? 

(b) Of the middle of the rod ? 

{e i Determine the tension in the left string immediately after the right string 
is cut. 



3. A solid disk is rolling without slipping on a level surface at a constant speed of 2.00 m/s* How far can it 
roll up a 30° ramp before it stops? (Takeg = 9,8 m/s 2 ) 


4. A lawn roller in the form of a thin-walled hollow cylinder of mass M is pulled horizontally with a 
constant horizontal force /■ applied bv a handle attached to the axle. If it rolls without slipping, find the 
acceleration and ihe friclion force. 

5. Due to slipping, pointed and B on the rim of the disk have the velocities shown. Determine The velocities 
of the centre point C and point /^at tlus instani. 



6. A uniform cylinder of mass Wand radius* has a string wrapped around it. The 
fifing j$ hdd fixed and the cylinder tails vertically, as in figure 
(a> Show that the acceleration of the cylinder is downward wilt, magnitude 

tf =-£. 

3 

(b) Find the tension tn the string. 



7. 


Ihe bottom point B. 
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centre of mass speed is IngiSvelw FtvV° " b^* 0 " 1 ® 1 fl ^ r wi,h a . backwawi s P in Such that *® 

disc eventually returns back? * ' 1 Whl ‘ n,us ' te mmlmun ’ »«*“ ° r “« *° ilic 


9- 


A ball of mass a. and radios - rolls al ong . circular piuh o)radiu5 fi . |K ^ . fc bouunl (e = * 

pain ,s u„. Find the torco of the path cni the ball as a function of (k 


) of the 



10- A heavy homogeneous cylinder has mass m and radius R. It is 
accelerated by a force h\ which is applied through a rope wound 
around a light drum of radius r attached to the cylinder (figure). The 
coefficient of static friction is sufficient tor the cylinder to .oil without 
slipping. 

(a) Find the friction force. 

(b) Find the acceleration a of the centre of the cylinder. 

ir« 

(c) Is it possible to choose r, so that a is greater than — ? 1 low ? 

m 

(d) What is the direction of the friction force in the circumstances of part (c) ? 

11. A man pushes a cy I inder of mass witlt the help ol a plank of mass n as shown. There is no slipping at 

any contact. The horizontal component of the force applied by the man is F. Find : 




(a) the acceleration of the plank and the centre of mass of the cylinder and 

(b) the magnitudes and directions of frictional forces at contact points. 


M 


12 . 


Note 

13, 


For the system shown in figure. M = I kg, rn - 0.2 kg, r - 0.2 m. 
Calculate : (g = lOill/s" ) 

(a) the linear acceleration of hoop, 

(b) the angular acceleration ol the hoop ol mass M and 

(c) the tension in the rope. 



Smooth 



Treat hoop as the ring. Assume no slipping between string and 
hoop. 

A cylinder of mass m is kept on the edge of a plank of mass 2m and 
length 12 m, which in turn is kept on smooth ground. Coefficient or 
friction between the plank and the cylinder is 0,1 The cylinder is given 
an impulse, which imparts it a velocity 7 m/s but no angular velocity. 
Find the time after which the cylinder falls off the plank, (g = 10m/s‘) 
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78 Mechanics-II un jfoini disks that roll 

14. mm =« d|c is 8S Tcon^i. The mass of each disk ^ 

without sliding a 1 al! Sl,rla ‘ :e!v ,X jsr £ 30 mm. Knowing < !l * J 

has moved 250 ninv. . - . latcs have Hie velocities 

shown, determine the angular velocity ^ tlhedls>L ’ 


2V 


,6. A ihin unilbn,. gH.«of™*,,,.!k, tnov, S mMM* withWW>«= 2 

aMipaniUel fortes F and F,. Tl,t disumcc between the points at which these lorccs art applied et|t. 
10 . / - 2£>eni. Besides, it is blown that = 5N- Find (he length o! die rod. 

71 A 


. .1. J i- 



"B 

17. The assembly of two discs as shown in figure is placed on a rough 
horizontal surface and the front disc is given an initial angular velocity 
to n . Determine the final linear and angular velocity when both the discs 
stan rolling. It is given that friction is sufficient to sustain rolling in the 
rear wheel from the starting of motion. 

IB. A horizontal plank having mass m lies on a smooth horizontal surface. A 
sphere of same mass and radius r is spined to an angular frequency w 
and gently placed on (he plank as shown in the figure. If coefficient of 
friction between the plank and the sphere isp. Find Die distance moved 
by the plank tiff the sphere starts pure rolling on the plank The plank is 
long enough, 

19. A ball rolls without sliding over a rough horizontal floor with velocity v =7imcf 

vertical wall, if coefficient of restitution between the wall and the hall » m X ^ 5 a sn ' 001 
the ball long after the collision. * s e " '■ Calculate velocity v i 

20, A uniform rod of mass m and length/ rests on a tnumih h««. . . 

struck m a horizontal direction at right .ingles to the rod As aiesiil^ihe ^d the ends of tllc vad 

force with which one-ha,f of the rod act on the other**« 


3 
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21- A sphere, a disk and a hoop made of homogeneous materials have the same radius (H) cm} and mass 
t» kgf i hey are released Irom rest at the top of a 30* incline and roll down without slipping through a 
vertical distance of 2 in. fg = 9.R m/$ : ) 

(a) What are their speeds at the bottom ? 

(b) Find the frictional force/in each case 

(c} they start together at /= ft at what lime does each reach the bottom ? 

22* ABC is <1 triangular framework of three uniform rods each of mass m and length 24 It is free to rotate in its 
own plane about a smooth horizontal axis through A which is perpendicular to ABC, If it is released front 
rest when AB is horizontal and i is above AB. Find the maximum velocity of C in the subsequent motion. 

23. A uniform slick ol length 4 and mass M hinged at one cod is released from rest at an ancle 0 () with the 

* crtical. Show that when the angle w ith the vertical is G, the hinge exerts a force F r along the stick and f \ 
perpendicular to the stick given by 

=- Mg 1 5cos 0 - 3cos Gy ) and F. - — .Wgsin 0 
- 4 

24 . A uniform rod AB of mass 3fh and length 44 which is free to turn in a vertical plane about a smooth 
horizontal axis through A , is released from rest when horizontal. When the rod first becomes vertical, a 
point C ol the rod. where AC = 34 strikes a fixed peg. F’ind the linear impulse exerted by the peg on the 
rod if: 

(a) the Tod is brought to rest by the peg. 

(h) the rod rebounds ami next comes to instantaneous rest inclined to the downward vertical at an angle 

~ radian, 

3 

25. A uniform rod of length 4/ and mass m is tree to rotate about a horizontal axis passing through a point 
distant / from its one end When the rod is horizontal, its angular velocity is was shown in figure. 
Calculate : 

/ 



(a) reaction of axis at this instant, 

(b) acceleration of centre of mass of the rod at this instant, 

(c) reaction of axis and acceleration of centre mass of the rod when rod becomes vertical for the first 
time, 

(dj minimum value of to, so that centre of rod can complete circular motion. 

26. A stick of length l lies on horizontal table. It has a mass M and is free to move in any way on the table. A 
ball of mass m, moving perpendicularly to the stick at a distance d from its centre with speed v collides 
elastically with it as shown in figure. What quantities are conserved in the collision ? What must be the 
mass of the ball, so that it remains at rest immediately after collision? 


m v 
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80 Mechanics-11 MMtenless lloor at A witlwts centre Of 

27. A*4*+m*r&*X&*~ - ' * -*-* elas,ic 
~4*\?*^S£E2E5£Ei3* 



28 . 


29 , 


Three panicles A. B and C, each dm ass m. are connected In “ c '' 

K three mnrste rigid rodslo Forma rigid, cquilaleral body 0 

side /. This body is placed on a horizontal friction less tabic {*-) t 
and is hinged to iut the point A , so lhal it can move without melton ahou 
the vertical axis through A (sec figure). 1 he body is set into rotation*! 
motion on the table about I with a constant angular velocity <* 

(a) Find the magnitude of the horizontal force exerted h) the hirtL.fr on 
£hc body. 

(b) At lime T t when the srdc BC is parallel 10 the v-asis* a iotcc h is 
applied on B along Bi \as shown). Obtain the .r-componeiu and the 
y- component of the force exerted by (he binge on the body, 
immediately after time T. 

A semi circular track of radius R - 62,5 cni is cut in a block. Mass of block. 


having track* is M - 1 kg and rests over a smooth horizontal lloor. A 
cylinder of radius r- 10 cm and mass//; = 0,5kg is hanging by thread such 
that axes of cylinder and track are in same level and surface of cylinder is 
in contact with the (rack as shown in figure. When the thread is burnt, 
cylinder starts to move down the track. Sufficient friction exists between 
surface of cylinder and [rack, so that cylinder does not slip. 

Calculate velocity of axis of cylinder and velocity of the block when it 
reaches bottom ofthe track. Also find force applied by block on the lloor at 
that moment, = J0m/$ 2 ) 




30. A uniform circular cylinder of mass in and radius r is given an initial angular velociiv tn 

cransfatioii.il velocity. It is placed in contact with a plane incline ’ , . 5 o and no mitt, 

is a coefficient of friction M for sliding between the cylinder and plan? Find t'h hoti70, " al - lf,hci 
nroves up before stiding stop. A,so. emulate rhe PKxie,™ d,stance i, £££%$£ Ass™ 

31 * Show Ihaf if a rod he ^ ai angle 0 (o ihe horizontal and released h, i, ,, , . 

coefficient between rod and ground is greater than - 3siri P*°s 0 ^ WlU ^ Slip if lhe fricti< 

1 + 3sin 1 G 

32. One-iburih length ofa uniform rod of mass m and length/ k n u . 

ait tt is held stationary in horizontal position by means of a lilhuh^ °U a ™ Ush hor ^ontal surf* 
read is then burnt and the rod staris rotating about the edge kL ! } * shoWn in the figure. Tl 

g ’ d the an S lc between the rod and tl 
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CHAPTf R 9 Mechanics Df Rotational Motion 81 

horizontal when it is about to slide on the edge. The coefficient of friction between the rod and the 
surface isji. 




33. In figure the cylinder of mass 10 kg and radius 10 cm has a tape wrapped round it. The pulley weighs 
100 N and has a radius 5 cm. When the system is released, the 5 kg mass comes down and the cylinder 
rolls without slipping. Calculate the acceleration and velocity of the mass as a function of time. 


34, A cylinder is sandwiched between two planks. T w o constant horizontal forces F and 2/ ; are applied on 
the planks as show n. Determine the acceleration of the centre of mass of cylinder and the top plank, if 
there is no slipping at the top and bottom of cylinder 



35, A ring of mass >n and radius r has a particle of mass m attached to it at a point A. The ring can rotate 
about a smooth horizontal axis which is tangential to the ring at a point B diametrically opposite to 
A. The ring is released from Test when AB is horizontal, Find the angular velocity and the angular 

acceleration of the body when AB has turned through an angle 



36. A hoop is placed on the rough surface such that il has an angular velocity m=A rad/s and an angular 
deceleration a =5rad& 2 . Also, its centre has a velocity of v 0 =5 m/s and a deceleration = 2na&". 

Determine the magnitude of acceleration of point B at this instant, 
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82 MecJiantcs-ll 



37* A boy ofmas$m rims on ice with velocity and steps oil the end of a plank of length / and mass Mv* hie 
is perpendicular to his path. 

M 


m 




W “ <, “ WiU “ h ‘ e|y ** m " ,i0n of ,h “ •***» »««• hoy is on the plank. Neglect 


friction will 
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Answers 



Introductory Exercise 9.1 

1. About a diagonal, because the mass is more concentrated about a diagonal 2. \ 3. -== / 

3 v r 3 


o g 

4 . (i) f fn ^ ? + (ii) - mr* + m ^ 2 

J 3 


5. (a) 2M/ a (b> l - Ml 2 6. | 


7. 0 5 kg m 2 3. 0.43 kg-rn 2 9. 10. The one having the smaller density 

Introductory Exercise 9.2 

1. 1QO rad 2. 8Q0 rad 3. 5 N m 4. 0.87 N 5. (a) 4 raqf-$ - 6 rad-s 2 (b)-12rad-s s 
6. 7 s 

Introductory Exercise 9.3 

„ I ^ 15 . mu 3 cos « Sin 2 « 

2. - mflv 3- 2V2 mv 4. — 


2* 


5. Ho 


Introductory Exercise 9.4 


1. 


M + 2m 


2. Duration of day-night incerease 3. True 


Introductory Exercise 9.5 _ 

L y 2 = [^!x 2. ^ (1 - sinO) 

Introductory Exercise 9.G 

l. | mS fi 2. t cos' 1 ; ^ 3. 


v i- 


Introductory Exercise 9.7 


t + 2Mr 2 


c ,.p COS 0 J _ _ / + * 

1. (a) g sin 0 - ng cos 0 (b) ^ — 2 - Fa!se 3 - Leftwards 4. False 5. - . 


6. lim can make the body move 7. False 
F -> 0 

Introductory Exercise 9.8 

h §* 


AIEEE Corner 


J2 


4. 


Afa 2 

12 


5. 8 cm 


Subjective Questions (level 1) 

L | m! z 2, 55 kg-rcr 3. 

6. / =- ur 2 where,, = ^ is called the reduced mass of two masses. 

/fl* + 

9. (-k}rad-s J 10- 10rad-s J 


7. / 


e.^rad-s 1 

(. 4 3 ) 30 


n.a-jjj 


12, 2 rad/s 
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20. 20 s 


17 

21 * 


84 MictiJii'®- 11 |0 lhe plane of " lt ’ wn) 

B. (■*-»»» — N " ( 7: 19. ta)O.OlN-m 

• J3 . (a) 36 S C«4 

“ 4 ‘ * W d 9 raa . 1.43 26. «* = 4 «d/ S . «, ' - 6 -° **** 

»= 12.5 rad-s 1 (b) 127.5 ra flO^U 31. Increase 32.-g-rad-s*' 

29, -j mRv I k JU ’ ~( 3 J 

' 5 -i ^-l £■ _ 39.9 J. f, - 181 J (c) 141*1 J 

- “ r — * F 


24- 

27- 4V2 kg“JTt 2 s 1 28. ntf*« 

34* (a) 143 ^ d ' 5 ./" 22? ^ 3 Arff cos 0 «* » 

^'*T - n .^■ -anyf j. P,m 


33* 7 29* 10 ^ -- 

35, w» = (i+T?}^ (b)|nwKf 2 (i+^) 

7 M 30 

38. 72 N 39. (a) fb) ~ ms ' (C) — 

a>f 

Objective Questions (Level 1) 

1 * (d) 2 . (a) 3 . ( C ) 


36* 


3 M + 8m 3M 


COS fj jwr W* » ^ _ 

TS?n ' 3M * 8m ’ M + 3m 


FT>$" 


40- ^ mfo 

J 


2 v 


(b) 


1 


11 . id) 

21 , (c) 


12 . fa) 
22. (d) 


13* (b) 
23* {b) 


4. (d) 

14 fb) 


24. fa) 


5. ft) 

15. (b) 

25. (a) 


6* (a) 

is. (d) 


7. (c) 
17* (3) 


Assertion and Reason 

i- P 2 * (b> 3 . <d> 


JEE Corner 


11 . «y 

Objeotrve Questions (Level 2 ) 

1 (<*) 2 * fb) 3 . fb} 

12. fc) 

22- fb) 

32, (b) 

42. fa) 

52. fd) 


4 (a) 6. (a) e. ( a ) 


7. (c) 


11. fly 

21, f C ) 
21. ft) 
41, (a) 
51, fd) 


13. fb) 
23, fc) 
33. fb) 
43. (a) 
53. fa) 


«. fd) 
14s (b) 


24. fd) 
34. (c) 
44. fc) 


5. < C ) 
15. fd) 
25. fc) 
35. (d) 
45, (a) 


• - u 3 / 

More to one Correct Opt to 

1. fa.c) ■> /-m 


e. (a) 

16* (a) 
26. (a) 
36. (a) 

46. fd) 


7. (a) 
17* fb) 
27. (b) 
37. (d) 
47, (b) 


*' fa c > 2. falf) 

8 '^ 9.fa.b) 

Matcft fhe Co/umns 

L (b)~> s 

2- fa) p 

fa) -> p g 

4. fa) -f q 

(4) -> q 

6 ‘ fa)^>q,r 
7* fa) r 


3. fa.b.d) 
1Q . fa.C) 


4 (*.b) 
11. (a,b) 


S* (a,c.d) 


(b) -> s 
fb) p,r 
fb) -> r 
fb) -»$ 
fb) -> p 
fb) -> q 


fc) -> q 
fc) -j- p 
(c) -» q f f 
(C) -> r 
fc) -> p 

fc) -* S 
fc) s 


(d) 

(cf) 


fd) 

(d)- 


(di 


-> p 
* r 

►P.r 

P 

s 


f d) h. q 
fd) p 
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S- (b) 
18* fb) 


26. fb) 27. fc) 28. (b) 


9. (b) 
19. (b) 
29. (a) 


10. (b) 
20, (d) 
30. (d) 


8 * fb) 9, (b) ao. fa) 


fb) 

IS- (b) 

28. (d) 
3S. (b) 
48. (d) 


fc) 

19- (d) 

29 - (a) 

39. (d) 

(c) 


10 . < c ; 

20. fb; 

30. (c) 

40 ■ (c) 
So - fc) 


6. (aif) 


7 - (a,c) 
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Subjective Questions (Level 2) 

j fn each case in clockwise direction 2. (a) Sg/2, (b) 3g/4 (c) mg/4 3 . 0.612 m 

2v e 


5 . 0.75 ms - 1.98 ms 1 6. (b) 7. 


9 . / | mgsinO. N ^(17 cost) 


iO) * 


10. (a)/ ‘ ~ ' F assum mg i opposite to f (b) s 



(R + f) (c) yes, if r is greater than ^ R . 


fd> r in same direction as A 
Sf 4r 

11. (a} 




3mj - 8/n? ' 3/1% * 8m s 

——(bet ween pi a nk and cylinder) - -^-zr {between cylinder and ground) 


3fli, - 8m 2 ' " J ' 3n\ + Srtij 

12. (a) 1.43 ms' 2 (b) 7.15 rad s * (t)I.43N 13. 2.25 s 14. 0.745 ms 1 (rightwards) 


15 , | - (anticlockwise) 16, lm 17. l®* S = 19. v = ; 1.5 ms 1 20+- 


sine — ■ "2 t 

21. (a) sphere, 5.29 ms * disk 5.1 i ms hoop 4,43 ms' 1 (b) Sphere 4.2 N. disk 4,9 N. hoop 7.36 M 
(c) Sphere, 1,51 5 disk 1,56 s hoop 1.8t s 


22. It JE? 24. (a) ® m) /3 gt. (b) | m J6gi {^/2 + 1) 

25, m J mg j (b) + {l,f>2)2 (C) (T mE + ^)- i *T + /a? ) 

26 - ^77 27 ■ *- f * w ; 2a - ta) 1/5 #■ * f ‘-4 F ' = V3m, “ 2 


«3) 


r^&i cos a - sin i.t ) , r £ {jj cos « - sin otf 
29, 2.0 ms » 1.5 ms', 16.67 N 30. d, - 2g( ^ COS{J . sifla) * ■ - 


31 0 = tan , ^j 33. 3.6 ms' 2 . ^ 


34. 


2lf 


26W 26M 


35 


4g sin a (3^i cos a ■■ sin a) 

i. 36 - 6.21ms 2 

t Hr llr 


37, (b) J from the boy 38. Mg. a = ten J - 
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Gravitation 


Chapter Contents 


10.1 Introduction 

10.2 Newton's Law of Gravitation 

10.3 Acceleration Due to Gravity 

10.4 Gravitational Field 

10.5 Gravitational Potential 

10.6 Relation Between 
Gravitational Field & Potential 
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s \ 

* 

\ 

% 

* 

* 

ft 
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Solved Examples 

Level 1 

Example 1 H the t adius oj the earth contracts to half of its present value without change in its moss:, what 
will be the new duration of the dav? 


Solution Present angular momentum of earth 


i, 

New angular momentum because of change in radius 



If external torque is zero then angular momentum must be conserved 


ii -£o 

- MR 2 (i) = - x - MR 2 of i.e., of = 4 <■> 
5 4 5 

T = -r = -x 24 = 6h 
4 4 


a 

i 


Example 2 The minimum and maximum distances of a satellite from the centre of the earth are 2 R and 4/f 
respectively, where R is the radius of earth and M is the mass of the earth. Find . 

(a) its minimum and maximum speeds. 

(b) radius of curvature at the point of minimum distance. 


Solution 


(a) Applying conservation of angular momentum 
/wv,(2fl) = wv 3 (4tf) 

V| = 2v ; 

From conserv ation of energy 



GMm 

~2R~ 



GMm 
4 R 


«■ 00 


Solving Eqs.(i) and (it), we get 


v 2 


f GM , _ 

r ' = V ifl 


(b) If ris the radius of curvature at point -4 

mvf _ GMrn 

~r (2flf 

4vfR 2 _ ftfl 

r ~ GM 3 



(putting value of v,) 


An evaluation version of novaPDF was used to create this PDF file. 
Purchase a license to generate PDF files without this notice. 
























116 Mecftanics-11 ^ 

Example 3 Three pari ides each of mass i n t»e // r/n?v r ^° /ve 

firiongfe of Side a. At whaf spent r in ti circular orbit 

Z*r rhe mm- 4** *»* ? 

cinunXcri&ng the triangle Me still preserve the eqm 


Solution 


F a =Fab +F*C m2 


GM 2 

cos 30° = 

cfL.ji 



a~ 


t = 


or 


S' 

i?iv" v3_ _ OM~ 


mv r? 
now -—- ^ * 
r 


v = 



Example 4 Two concentric shells of mass M x and M | are concentric as shown. 
Calculate the gtavitathwl force on mdue 10 -W t & td M 2 at P omts ?rQ ami R ‘ 



Fig, 10,39 



Solution At P. F = 0 


al (f 

at R , 


Gblpn 

_ 

G(M^ + \f 2 )nt 


Examples What is the fractional decrease in the value of free-fall deceleration gfor a particle vhen it 
lifted from the surface to an elevation h / (h < < R) 

_GM 

Solution K - R 2 

tjg -2 GM 

ciR ” r 
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CHAPTER 10 Gravitation U7 


_ -2cw \_ 

h R- fi 

Example 6 Three conecmru- shell, of masses «,. *, *, WlJ , ftp „, 4 — c rafed , Mv 

situated m shown in figure. Find the force on a panicle of mays m. 


are 





Fig, 10.41 


fat When the particle is located at Q. 
fb) When the particle is located at P. 


... 


Solution Attraction at an external point due to spherical shell of mass M is j " " while at an internal point 

\ r~ ) 

is zero, 

{a) Point is external to shell M y , .V/ 2 -^1- 

So* force at Q will be 

GM.m G m GMxtn 

F q =- }- + -f 

y" r y 

= — {.M\ + M2 + M j) 

r 

GM,m GM-,m 
F P s—J—+ —^+0 

x 2 JT 

.^(M, + M.) 


(h) Force at /’will be 


Example 7 A plane, of man mrevokes in elliptical orbit around the sun so that Us nurtinmm and minimum 
distances fromthe sun are equal tor, , mir, respectively. Find,he annular momentum of tins,planetrelanve 

to the srn. 

Solution Using conservation of angular momentum 

mv p r p =»>v a r a 

As velocities arc perpendicular to the radius vectors at apogee and peri_.ee. 

=> Vp =v ^' 
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Using conservation of energy. 

By solving, the above equations, 


r f 2 ” r„ 2 


' I 2GAfr, 

Vp ”\r fi (r,+r (1 


L=rm? p r p =m 


l2GMr p r, 

V ir r + r « ) 


Level 2 


ExaFJipfe 1 ^ planet of mass m t revolves round the sun ofmass Oh - The distance between (hex tin and the 

planet is r Considering the motion of the xmi find the total energy of the system assuming the Orbits to be 
circular. 

Solution Both the pEanei and the sun revolve around ihdr nenire of mass with same angular velocity (say 

-~(i) 


r =*\ +*2 

i Cm, m-> 

w,#i© =nt 2 hef =— 
r z 

Solving Eqs. (i) and (ii), we get 


m, 




r z 


COM 

Fig. 10,42 



and 


2 _<?(»>] + m 2 ) 


Now, total energy of the system is 


t\> 


E-PE+KE 


or 


£ = 


Grn^th I 22 1 

" —— + ~ W| co + — m 2 r 2 “ oj’ 


Substituting the values of>, ,r 2 and or, we get 


g Om t m, 

Ir 

Example 2 Tw o masses and m 2 at an infinite distance from each other are initially at rest, start 

interacting gravitationally. Find their velocity of approach when they are at a distance r apart 

Solution Let v r be their velocity of approach. From conservation of energy: 

Increase in kinetic energy “ decrease in gravitational potential energy 

-4i) 


Gtn, tth 


r 


2 sj/«, 

-pv, =“- 

2 r 
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Substituting in Eq. (i), we g e| 


H - reduced mass 

f?t[ + hh 


H 


+ /H, J 


Example 3 If a planet ^assuddenty stopped m„ yhii „ , , 

^ supposed to be circular , show that it would fall onto 

the sutt W ° *% T m Psrkid «** P^m V res olution. 

Solution Consider | imaging' plane moving along . stIonglv 
cxleniled flal cl ipse Ihe op pome, of which am located ™ o, c 
plane! a ort*n anti at the centre of thy sun. The semi-major axis of ihc ttrbit 
of such a planet would apparently be half .be semtaajor axis of the 
planet s orbit So ihe time period of the imaginary planet V according to 
Kepler's kw will be given by : 


Sun 



> P-ane: 


^ f H 

Fig. 10.43 

as i* ■ 


(“ '“i) 


mt 1 

mt 

Time taken by the planet to fall onto the sun is 

/ = r _rm " 5 

2 2 I 2 J 

f Mr 

=■ T r 

Example 4 A satellite is revolving round the earth in a circular orbit ofradius r and velocity v a .A particle 
is projected front the satellite in forward direction with relative velocity v = {'IS: 4 - I) Calculate its 
minimum and maximum distances from earth s centre during subsequent motion of the particle. 


Solution 


v = j^L = orbilal speed of satellite 


-■(i) 


where M = mass of earth 

Absolute velocity of particle would be: 

1 ? = v + v„ = ,J? v_ -Vh25v tf 




Since, v lie, M*m-mm ***^ ««*« -**■ offl,c pa " icle w * #4bcan d " pse ** r 


being the minimum distance. 
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Let i‘ be ihc maximum distance and i' iu> velocity ai Oi.u moniul 


,^ 5 | 

Particle -- j 


Fig. 10.44 

rhen from conservation of angular momentum tuid conservation of mechanical energy, we lli 


and 


- f»n - 
2 p t 


mv p r = md p / 

GMm 1 f t GMm 

-~ mv p j 


'■'(ivi 


Solving the above Eqs. (i). (ii). < iii) and (iv), we gel 

t* = — and 


' f " 

Hence, the maximum and minimum distance arc - 1 - and r respectively. 


Example 5 An earth satellite in revolving in a circular orbit of radius a with velocity v tf , A gun is in ;Jj t - 

satellite and is aimed directly towards the earth A bullet is fired from the gun with muzzle velocity - 

2 

Neglecting resistance offered by cosmic dust and recoil of gun, calculate maximum and minimum distance of 
bullet from the centre of earth during its subsequent motion. 


Solution Orbital speed of satellite is 


v = 

t? 



-(i> 


From conservation of angular momentum at P and Q, we have 


or 


mav T) =njvr 

v-ft 


-CH) 


From conservation of mechanical energy at P and O. we have 


1 

- m 
1 


v’ ^ 

li 

4 


GMm I > GMm 

-= - »n r - -- 

a 2 r 


v o 


VfKIt. 



Fig. 10.45 


or 


- V, 


GM 


GM 


a 2 r 

Substituting values of v and v„ from Rqs. (i) arid (ii), wc get 

5 GM GM a 1 (GM \ GM 


5Gh£_GM^ = £ Gk 

K a a r 1 \ 2a J r 


or 


3_ 
8« 


a 


I 


or 


-3r~ = 4 a 2 - 8 ar 
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or 


or 

or 


r- 


Jr 1 - 8^4 4 <r ) 

S<*± 


r ^ - 


fo? ±4a 
~6 


or 


r = 2« and 


2a 

T 


Hence, the maximum and minimum distances are In and respectively. 


Exa<TI ^ ^ Sinaiy suns of < ampin able masses m- ami tn z rotate under the influence of each other 's gravity 
wifi: a time period T. If they are stopped suddenly in their motions, find Star relative velocity when they 
coilu e Hit t tile ) ot it;l. te i odii of the stars are li. anti R 2 respectively. G is the universal constant of 
gravitation. 


Solution Both the stars rotate about their centre ot mass {COM) 



For the position of COM 
Also, 

But, 


r, + r. 


m 2 m, m i + nu wi| + wi; 


= 


Gm x m 2 


n -■ 


or 


w 2 r 


to" 


Gnu 

V 7 


m, + nu 
2 <j[wt| + tti* ) 

' 7“^ 

f Qifh 


<0 = 


or 


r- 


V 


'1 + m 2 ) j 

to 2 1 


in 


Applying conservation of mechanical energy we have 

Gnkfth Gm\ttt 2 


1 


Here, 


\ ut 2 -_-— + - jav; 
r (#i + ^2 ) - 

»i m 

Li = reduced mass = *- 

“ nij + nu 


and \\ = relative velocity between the two stars. 
From Eq, (ii). we find that 

2Gni, nu 


I s ! 


Vr s ' 


R j + if 2 r . 


+ r, > 

M) 



■tii) 
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2Cj i*t\ »h 
pj| nij. _ 
m | + m i 


r__i— 

{R } + ^2 r ) 


=*2G(™ t +w 3 ) 



Substituting the value ol> from hq- (0? ^' e % et 




1 J 


W(nti + r»2 ) 

R\ + 



Example 7 Find She maximum and minimum distance* j _ 
from f/ie 5', j/W« extern wnienr o/'™* u u ' ov dJ rfw -. ° ^ 

travelling with the velocity v 0> wi/A rte tfJigfe '' K> ‘ 

anrf ve/(j ci/v vecror &?in£ fo <t> 



—ft) 


Solution At minimum and maximum distances velocity vector (v)makes ail aitgte of 90° with radius vector 

Hence, from conservation ol angular momentum, 

wiv 0 r 0 sin = nirv 

Here, m is the mass of the planet, 
from energy consort at ion law it follows that. 

wVq GMm _ mv 2 _ GMw 
~2~ 2 r 


-fti) 


Here, M is the mass of the sun- 

Solving Eqs. (i) and (it) for r, we get two values of r> one is f ma)1 and another is r min . >>o. 


r ruax 


+ }sin 2 §) 


2 -K 


and 




Here, 


K 


-> 7 

'o u o 


GM 


An evaluation version of novaPDF was used to create this PDF file. 
Purchase a license to generate PDF files without this notice. 
























Exercises 


AIEEE Corner 

Subjective Questions (Level l) 

Newton's Law of Gravitation 


1 . 


Two particles of mutes 1.0 kg end 2.0 kg are placed at a separation of 51) cm. Assuming that the 

Um.es acting on the particles are llieir mutual gracitalion. find the initial accelerations of the 
nartkTleR. 


only 

tWO 


2, Three particles A, li a.ict C. cadi of mass m. an.- placed in a line with Ah' - BC = d. Find the gravitational 
force oti a fourth particle P of same mass, placed at a distance d from the panicle B on the perpendicular 
bisector of the line AC. 


3d Four particles having masses tn. 2 tu, and 4m arc placed at the tour comers ot"a square of edecc. Find 

the grav itational force acting 0 n a particle of mass m placed at the centre, 

4. Three uniform spheres each having a mass M and radius a are kepi in such a way that each touches the 
other two. Find the magnitude of the gravitational force on any of the spheres due to the other two. 

5, The figure shows a uniform rod of length I whose mass per unit length is X. What is the gravitational 
force of the rod on a particle of mass m located a distance d from one end of the rod? 

h - f -- -d - h 


Acceleration due to Gravity 

6. Value of g on the surface of earth is 9.8 m, s 2 . Find its value on the surface of a planet whose mass and 
radius both are two limes that of earth. 

7. Value of g on the surface of earth is 9,8 nvs~, Find its value ; 

(a) at height h - R from the surface, 

(b) at depth h = — from the surface. (R = radius of earth) 

2 

8. Calculate the distance front the surface ofthe earth ft which the acceleration due to gravity is the 
same below and above the surface ot the earth. 

9. A body is weighed by a spring balance to be i 000 N at the north pole. How much will it weight at the 
equator. Account for the earth's rotation only- 

10. Al what rate should the earth rotate so that the apparent* at the equator becomes zero? What will be 
the length of the day in this situation ? 

n. Assuming earth to be spherical, at what height above the north pole, value of* is same as that on the 
earth's surface at equator ? 
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124 Meehan^®" 11 

Gravitational Field Strength and PO en ' K(Jjj R *,<*, < if,). Calculate me fort, 

exerted by this system on a P^' 01 

i ft Another sphere has mass 4Af and radius 2/f. The centre u> 

13. Two spheres one of mass M "■ . _ e from lhc centre of smaller sphere wiiere 

centre distance between them is 1 2R. Find the msuv 

(a) net gr<o itaiional field is zero - , on the surface of larger sphere. 

{b) nei gravitational pmenna is a ^ gravitational field at the centre of the circle. 

14. A semicircular wire has a l«.«h i “" d mas " ‘ . T, svinmelri c a lly by a unilbim thin spberial 

15. A.mifonnsulidsphereof.MssMm.iradnBuis^o.KUledsj - 

shell of equal mass and radius la. Kind the gravitatteoal held a. a dnianee (a) - «h«« eealre. lb)- „ 

from the centre. . __ . . * , 

16. The density inside a solid sphere of radius «is given kjrp-P^. »«* *"*» * h ' «*« 

and rdenotes tho distance front the centre. Find the gravitational field due to ihts sphere at a d,stance 3„ 

from its centre. 

17. A panicle of mass a. is placed at the cemreofauailontt spherical shell of same mass and rad,us «. Find 
ihe gravitational potential at a distance — Irom the centre. 


Gravitational Potential Energy 

IS. A rocket is accelerated to speed v = %JgR near earth’s surface (R =radius ol earth) Show that ver> 
far from earth its speed will he v - ^2 gR 

19. Two neutron siars are separated by a distance of1 O' 11 m. They each have a mass ol 10 kg and a radius of 
10* m. The>' are initially at rest with respect to each other* 

As measured from the rest frame, how fast are they moving w hen : 

(a) their separation has decreased to one-half its initial value. 

{ b) they arc about to collide, 

20* A projectile is tired vertically from earth's surface with an initial speed of 10 km 5, Neglecting air drag, 
how far above the surface ol earth wall it go ? 

21. A mass m is taken to a height R from the surface of the earth and then is given a vertical velocity v. Find 
the minimum value of v\ so that mass never returns to the surface of the earth. 

(Radius of earth is R and mass of the earth M ). 

22. In the figure masses 400 kg and 100 kg are fixed- 


Q_d-S_Q 

*2 m* ^ 

--10 rti--* 

(a) How much work must be done to move a 1 kg mass from point A to point B ? . w 

(b) What is the minimum kinetic energy with which the l kg mass must be projected from A to ^ 
to reach the point B ? 
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, 

s 


24- 


planets and Satellites : Kepler's Law 

23, A sky ohnflSs 2 * 3 0 Itg is first laundied jmin ih« r .. . 

iJisrn it is shifted from this circular orbit to anolhcr ^^ ' “” h | RaClI ^ terorbjl ® fradlus2X4,114 
required : circular Olbil ol radius 3/?, Calculate the energy 

(a) to place llic tab in the first orbit 

» ,ab f, °'" fe ' ” b " “^ «M.. (/?- 6400 km. * . ,„,*»> 

F 1 ^ y ad^ntit-’a] ■stars p 1 iina^s .V/orbit jijousid slir-if # r , 

M *• «•» *» « on <#«* Mn *%££*' 

(a) Find lhc gravitational force of one star 0 a the other, 

(hi Kind I lie orbital speed of each star and the period of the orbit 

*>> ' vhi " n "™ mm «"“«r WOW be required to Mpartte te ,wo stars u. mlinhy > 

M. consider me. atdlhe. A and H or equal muss, moving h fc same cicala, «*,*«*,r mound the 
earth hui in the opposite sense and therefore a collision occurs 

ta) Find .ho total imchaitel «»£ + £, ol llto satollito-plus.oanh system before uollMon. 

tb) ll the collision is completely in clastic, find ihc tola] mechanical energy immediately after collision 
Describe the subsequent motion ot the combined satellite. 


26 f wo sate 11 iics ^ and 8 revol vu amend a pianet in two co planareiretdar orbits in lbesame sense \\ ith radii 
\0* km and 2x 10 4 km respectively. Time period of A is 28 hours. What is time period of another 
satellite. Kind the speed of B with rcspccl to A when A and B arc at farthest distance from each other. 

27. A satellite Of mass 1000 kg is supposed to orbit the earth at a height of2000 km above the earth's surface, 
Kind (a) ils speed in (he orbit, <b) its kinetic energy, (c) the potential energy of the earth-satellite system 
and tdj its lime period. Mass of the earth = 6x I0‘ 4 kg. 


2£L In a certain binary star system, each star has the same mass as our sun. They revolve about their centre of 
mass. The distance between diem is the same as the distance between carl It and the sun. What is their 
period of revolution in years ? 

29. (a) Docs it take more energy to get a satellite upto 1500 km above earth than to pm it in circular 
orbit once it is there. 

{h | What about 3185 km? 

(c) Whai about 4500 km? (Take R f = 6370km) 


Objective Questions (Level i) 


Single Correct Option 

1 - A satel I i te orbi lingcJ use to th e s urfacc o fcart h does not fa 11 down because the gray i tat ional p ull o 1 earth 
(a) is balanced by the gravitational puli of moon 
(t>) is balanced by the gravitational pull of sitn 

(c) provides the necessary acceleration for its motion along the circular path 

(d) makes it weightless 

lor ihe planet-sun system identity the correct statement 
the angular momentum of the planet is conserved 
the total energy of the system is conserved 
fc) the momentum of the planet is conserved 
(d) All of the above 
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4. 


5. 


Mechanics-11 

If the earth stops Totaling about its axis, then the magnitude ot gfa\ it> 

(a) increases everywhere on the snrlace ot earth 

(b) wU] increase only at the poles 

(c) will not change at the poles 

(d) All of the above 

Fora body to escape from earth, angle from horizontal at which it should be tired ts 

(a ) 45* ' { b) 0° (<=> (d) my an S le 

Th| correct variation of gravitational potential V with radius r measured from the centre ot earth oi radm* 
# is given by 





(d) None of the above 


6 , The Gauss’ theorem tor gravitational tic Ed may be written as 
m 

G 


(a) cfg ^ S = ^ {b) - tf g ■ r/S = AizmG (c) jg-dS - (d) - <jg d S -- 


4it C j - q 

7, In (he earth-moon system, i I ?, and T-, are period ol revolution of earth and moon respectively about the 
centre of mass of the system then 

(a) r r > T 2 (b| - T, (c) Tj < T, (d) Insufficient data 

8 . Tiie figure shows a spherical shell of:mass hi. The point A is not at the centre but awav 
from the centre of Ihe shell. If a particle of mass wis placed at A, then 
(a) it remains at rest 

fbj it experiences a net force towards the centre 

(c) it experiences a nef force away from the centre 

(d) None of the above 

9. If Ihe distance between the earth and Ihe sun were reduced to half its present vtfcte, then the number «f 
days in one year would have been 

( a ) 65 (h) 129 (c) 183 (dj 730 

10, The figure represents an elliptical orbit of a planet around sun. The planet takes 
lime 7j to travel from A to Band it takes time T, to travel from C to A If the area 
CSD is double that of area A SB, then 



(a) r f = r 2 

(c) r f =$57* 


(b) r, -27\ 

(d) Data insufficient 
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,1. At what dcpih from l he suriace of earth the iim * n ■ , - 6ra,i,,liM 127 

,Dc surface ol the L-nfli? {Radius of earth is 640JuT °* 3 ^" pIe EWtu]ull]fn is 0.5% more than ih at on 
(a) km (bj 64 km , • , 

If \f is the mass of the earth and R jjj$ radju , W {(i) l2Skm 

siravilaiiona] coasiant is ' c rdl, ° of (fltf graviraiional acceleration and the 

M 


12 


(a) 


*1 

M 


(b) 


R p 


<c) MR 


(d, f 


gravitational field intensity is reduced io 1 % of its 


13. The heigiu above the surface of earth at which the 
value on the surface of earth is 

(a) 100J?,. (b) 10*. (c) (d)M 

14 . For a satellite orbiting close to the surface of e^rrtwv,,.*,™. . , „ 

of another satellite orbiting at a height ihrJih^t 1S 84 mmute Th ' tim <= T* riod 

U11 ™ ltmC1, “« rao’ns ol earth IrOm its surface will be 

(a) (84) minute (b) (84) 8 rainme (c) <84)3^3 minute (d) (84) 3 minute 

15. TT* angular speed of roialion of earl h about iis avis at which the weight of man standing on tile «|uator 

becomes half ol its weight at the poles is given by 4 

(a) 0.034rads' (b) g, 75ltl0 -4 ral)s t 
(e) 1 . 23*10 2 rads" 1 (d) 7.65xl0 7 rad s - 1 

16 . flic height from the surface ol earth at which the gravitational potential cnergv of a ball of mass m is half 
of that at the centre of earth is (where fi is the radius of earth) 

4 R 

3 

17. A body of mass mis lifted up from the surface of earth to a height three times the radius of the earth R. The 
change in potential energy of the body is 

5 , s 3 


> v * 

7 


M ~ 


. , 3/7 

P- 


(d) 


(a) 3 ttigR 


tb) -ttigR 
4 


<c> -mgR 

4 


(d) 2 mgR 


IS. A said lice is revol v mg around earth in its e q uatori a I pi ane wi lit a peri od T. \ f the radius of earth suddenly 
shrinks to half its radius w ithout change in the mass. Them ihe new period of revolution will be 

(a) ST (b) 2^2 T (c) IT (d) T 

19. If the radius of moon is 1 ,7x 10 (> m and its mass is 7.34 x 10“ kg. Then its escape velocity is 

(a) 2,4x 10 J ms " 1 (b) 2.4 xlO 2 ms~‘ (c) 3,4x10" ms " 1 (dj 34x10' ms 1 

20. A planet has twice the density ol earth but the acceleration due to gravity on its surface is exactly the 
same as on the surface of earth. Its radius in terms of earth s radius R will he 

(a) RI4 (b) Rfl ( c ) m (d) 

21- The speed of earth's rotation about its axis is * Us speed is increased to * times to make the effective 

acceleration due to gravity equal to zero at the equator, then x is around tj, I i ms , ft 
(a) 1 (b) 8.5 < c > 17 {d) j4 . 

a - secn ^ 5 


direction. Then the angular velocity (in radian per hour) of sah-liitc al i 
- " - n (c) - i 


(a) - 
2 


(wf 
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128 M$chanics-II 

23. ForapIanetrcvoJ\ i mgarou,Klsurt,itVai , 3^ arc, * leres P ccl ‘ vescn1 ’" n ' a ^° ranl * scn11 ' lmnor a * as - ^eiufc, 

square of its time period is proportional to 

»>(^)' »(t) 

and masses 
distance 


(c) b : 


(d) « 


24. The figure represents two concentric shells of radii R [ anti if ani 
M, and \! z respectively. The gravitational field intensity at the pom A at 


tl{R, <£f </? n JfS 

C (V, + .U,) 

(a) J% 

tO — 


(d) Zero 



cr 


(a- 


(d) 42 - jmtn 



25. A straight tunnel is dug into the earth as shown in figure at a distance h from its ^ 
centre. A ball of mass tn is dopped from one of its ends. I he time it takes to reac 
the other end is approximately 

(a) 42 min (b) 84 min 

(e) S4^jntin 

26. Three identical panicles each ofmass marc placed at die comers of an equilateral triangle <4 side i. The 

work done by external force to increase the side of triangle front / to 2/ is ^ 

»-mt <b ,^i 

27. A particle is thrown vertically upwards from the surface of earth and it reaches to a maximum height 
equal to the radius of earth. The ratio ol the velocity of projection to the escape velocity on the surface ui 
earth is 

00 -j= O’) \ 

* J2 ^ 

28. The gravitational potential energy of a body at a distance rfrom the centre of earth is(It* weight . 1 . 
a distance 2rfrom the centre of earth is 

(a) - (b) (c) ~ <d) 4- 

r 


2r 


<C) 

4 


(d, i 


Sr 


JEE Corner 


Assertion and Reason 

Directions : Choose the correct option. 

(a) If both Assertion and Reason are true and the Reason is correct explanation *lt the 
{b) if hath Assertion and Reason are true but Reason is not the correct explanation of Ass 
(<:) If Assertion is true . but the Reason is false. 

{if} if Assertion is false but the Reason is true. 

1. Assertion : When two masses come closer, their gravitational potential energy decrease 
Reason : Two masses attract each other. 


An evaluation version of novaPDF was used to create this PDF file. 
Purchase a license to generate PDF files without this notice. 

















. t .. CHAPTER 10 Gravitation 17Q 

2. Assertion ; In moving from centre of a solid snh * ■ 

Reason : Gravitational field strength increases ^ *° Slirlaec ‘ ^'^tional potential increases. 

3 Assertion : There are two identical spherical bodi ■ f . t 

l to B gravitational potential first mcrwscs U, c „ deer”'ll P0Sili "“ “ !h °"' n WW " nMin * tmm 


••*« . >■ 

A 


JB 








Reason ; At centre of A and B Hold strength will he zero. 

4r tL> where slope of t ‘ c<,ordmate along the .r-aris, then field strength is 

Reason ; If potential is function of*, only then 

t , dV 
h -- —. 

5 - rsxsr ~ " hh ~ — si • ** /, ir* doubfe « ^ 

Reason : In ease of earth, acceleration due to gravity * varies as 

„ __ r 

(for r>R) 

S, Assertion ; In planetary' motion angular momentum of system remains constant. But linear momentum 
does not remain constant. 

Reason ; Net torque on a system about any point is zero, 

7. Assertion : Plane of space satellite is always equitorial plane. 

Reason : On the equator value ofg is minimum. 

S. Assertion : On satellites we feel weightlessness. Moon is also a satellite of earth. Rut we do not feel 
weightlessness on moon. 

Reason ; Mass of moon is considerable. 

9- Assertion : Plane of geostationary satellites always passes through equator. 

Reason : Geostationary satellites always lies above Moscow. 

10, Assertion ; It we double the circular radius of a satellite, then its potential energy, kinetic energy and 
total mechanical energy will become half. 

Reason : Orbital speed of a satellite. 


v X 


I 


£ 


where ris its radius of orbit. 

11 ■ Assertion ; I f the radius o f ea rth is dec reased kec p i ng its mass constant, offset j vc va I tie of# may mo reuse 
or decrease at pole. 

G'A/ 

Reason : Value ol g on the surface of earth is given by# = —rp, 

R- 


0b Jective Questions (Level 2) 

Srf i9fe Correct Option 

An Artificial satellite of mass wis moving in a circular orbit at a height equal to the radius R of the earth. 
Suddenly due to internal explosion the satellite breaks into two parts of equal pieces. One pan of the 
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130 Mechanics-!) 


Sa,fi,lit f Hkt P s lust after the explosion. The increase in tg: * 1 ^ 1 

explosion will he (Given : acceleration due to gravity on t l sUr 1 1 - ■ 


(a) mgtt 


wgR 

2 


<c) 


rngR 


(d> 


(»>) “ - 4 

Gravitational field at the centre of a semicircle formed by a tb‘" wirC of mass M Jrtd len&lh 1 ls 

GM , , kv 

< y J —' along v-axis 



_ w 

. Y GM . 

to) ——along i-axjs 
nJ~ 

2nGM 
< c) —, — along .v-axis 

/ 2 

, n 2nGM . 

Hi) —-— along y-axis 

3, A maxi mis at a distance a from one end of a uniform rod oJ' length / and mass M. 1 he gravitational force 
on the mass due to the rod h 

GMtn ,, v GiiiM 

(a) 


<c) 


(* + 0 - 

GMm 


(b) 

(d) 


U (/ + 

GmM 


" ■ ■■■ «* 


2(/+«r 

4, A uniform ring of mass m is lying at a distance -Jl a from tlie centre of a sphere of 
mass A/just over the sphere (where £t is the radius of the ring as well as that of the m 
sphere). Then magnitude of gravitational force between them is 


(a) 


GMm 


Sa 


(b) 


GMm 


<c> S 


GMm 


■J3a 2 

(d) a 9^ 



tr S a' 

5. l our panicles, each of mass M, move along a circle of radius R under the action of their mutual 
gra\ ilational attraction. The speed of each particle is 

ta >f mfSS (d,Jf^ 

6 . A projectile is fired from the surface ot earth of radius R with a velocity Av., (where v. is the escape 

velocity from surface of earth and k < I). Neglecting air resistance, the maximum height of rise front the 
centre of earth is 

, ^ R 

(a) 


k 2 


ib) k~R 


(c) 


R 


W 2 


(cl) kR 


7. Suppose a vertical tunnel is along the diameter of earth, assumed to be a sphere of 

uniform mass density p- II a body o) mass m is thrown in this tunnel, its acceleration at a 
distance / from the centre is given by 

4?t^ ^ 

(b) — Ttpy 
4 


(a) —Gpym 


. 

y 

1 ji *- 



,. 4 
(c) : m 


(d) - irG’py 
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.. ,, CHAPTER 10 Gravitation Igl 

fi. A train ot ma* m moves w,th a velocity v on the equate ftmi . , . 

earth its aNts a,,|li ,s *dius ol'the earth thm ,u 1 taMIO wcsL lf *° K ,lte *pced of 

e ..3 1 » I lie noriral reaction set inn jw, ho in.;.. 


(a) m 
(c) mg \ 1 


1 - 


(flrf ~2v)<0 v" 

^ IS 

(iaaJ? + 2v)g> v 2 
S' % 


(b) jwtj 

(d) 


reaction acting on he train is 
I _ v ‘ 

S % 

I — T l tt3 ^ ~ V)W V 2 

s Rg 


ifisata 


9 , The figure represents it solid uniform sphere of mass u ™j « t■... » . , 

distance a Imm the centre of the sphere. The gravitatfoml n‘dd mTdVh^ VUy ofradlto J 
( a) non-uni form g ,atl0nal iniilde % «mty is 

i hi towards the centre of the cavity 
i c) directly proportional to a 

(d) All of the above / R 

10. If k the escape velocity for earth when a projectile is tired Iron, the surface of earth. Then the escape 
velocity it the same projectile is fired from its centre is 

t v ‘ 


(a) 


H» | 


(C) 


Jh 


(d) v. 

J 


11 . li the gravitational field intensity at a point is given by g = Then the potential at distance ns 

-CM (e) 2 GM CM 


(a) 


-igm 


3 r 


1.5 


(b) 


.1-5 


3 r 


1,3 


J-i 


12. Three identical particles each of mass V move along a common circular path of radius R under the 
mutu al interacti on of each other. The velocity of each particle i$ 




jmi h 

V R V 3 


(b) 




GM 


Sr 


(c) 


1 GM 
' 3/? 



13. I (The the period of revolution of a planet revolving around sun in an orbit of mean radius R. then identify 
the incorrect graph. 



j2''3j 


(b) 


(d) None of these 


? j , „ , , „ „ - . j initial lv the mass was at rest but it moves at a 

14, A P*** brin S$ a mass of I kg from infinity to ajpoim A. ^ ^ ^ m£LSS is _ 5 5 j The gravitational 


speed of 3 m/s as it reaches A. The work done by the person 
potential at A is . c . 

(a) - I J/kg (b) - 4-5 J/kg ( c ) “ 5 5 J ^ g 


(d) 10 J/kg 


An evaluation version of novaPDF was used to create this PDF file. 
Purchase a license to generate PDF files without this notice. 































132 Mecfranies-fJ 

15. With whal minimum speed should m be projected Iran puim £■ ropw 

two fixed masses .If each a, A and « » shown .n .he figure such lhat mass 
should the gr;'fcvit+iiu>n;«il iittr^chfSTi ol ,N1 


m 


(a) 


!2( ,M 

$ 


(b) 


Ktik 
V ft 


w rf-{f 


M t 

4 - 


|\ 

;* \ 

\ 

-L_._ \M 


16. Consider two coi! figurations of a system of three pun icJos ot 
mnsscs /w, 2m and J»i The work done by gravity tit changing 
the ^figuration of the system from figure (i> to figure (ii) is 

6 G»r j. I 1 

(a) zero fh> -s I 

« i 


3m 


(*) 




(d) 


V2j 

fiO’wr J j_1 

« 1 si 



17. A tunnel is dug along the diameter of file earth. There is a particle of mass /fiat ihe centre of the tunnel, 
f ind the minimum velocity given to the particle so that is just reaches to the surface of the earth. 

- radius of earth) 

[CM 


(a) 


(b) 


[GAJ 

Y ft 

m 

V 2R 

»W 

(d) it will reach with the help of negligible velocity 

13. A body is projected horizontally fan. die surtac? ofthe Earlh (radius- 8) with a velocity equal mutinies 

the escape velocity. Nestled rotational effects of (he earth. Tile maximum height attained by rite both 
from the earth's surface is R 2 . Then n must be 

(a) VO.6 (b) (i/3 )/2 (c) -Joa (di |/2 

19. A tunnel isdug in the earth across one of its diameter. Two masses rnand 2m are dropped Iran, the «* 
ends ol the lumiel. 1 he masses collide and stick each oilier. They perform SI 1M. the amplitude of which 

HJP i fe/ — T-JliV I T I ■ v a t 1 1 Lift P3 \ \ 


is (R = radius of earth) 

m ft 


(b) R 2 


< c > (<1) 28 3 

20. There are two planets. The ratio ofrn.li.rt ofthe two planets is * t,u, ,,,tio of acceleration duett, navitv of 
both planets is g. Whal will be the ratio of their escane veioeiivo * ' 

(a) (kg) 1 ’ (b) (kg)- ,,J 


escape velocity? 
( c ) (kg)' 


<d) (kg) 


21. A body of mass 2 kg is moving under the influence of a central force « hose potential energy is aiven hi 
U = 2r J. II the body is moving in a circular orbit of 5 m, its energy will he 


(a) 625 f 


(b) 250J 


(0 500 J 


(d) 125J 
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CHAPTFH 10 Gravitation 133 


‘ h iri an urbil °f average radius 3*72 where R is the 
"" lhc maSs oi 1 % tin earth’s surface to be 10 N, 

(c) U80N (d) 960 N 


ratlins R at a height x from its surface, Mg is die 


24. A solid sphere of uniform density and radius ft applies a gravitational 
force oi attraction equal to h\ on a panicle placed at P, distance 2fi from 
the centre Oof the sphere. A spherical cavity of radius R; 2 is now made 
in the sphere as shown in figure. The sphere with cavity now applies a 
gravitational force F t on same panicle placed a\ P. The ratio F-> /■' will 
be ’ 

(a) 1/2 (b) 7/9 



(0 3 


id) 1 


More than One Correct Options 

1* Three planets of same density have radii R lt R 2 and such that It , - 2R Z = 3J?.. Tlic gravitational field 

at their respective surfaces are^ £ , and g 4 and escape velocities from their surfaces are \\ , v, and v Jt 
then 


la) St i%i =2 


(b) Sifgn =3 


(c) v, /v 2 =1/4 (d) v, / Vj =3 


2 . for a geostationary satellite orbiting around [he earth identify the necessary condition, 
la} it must lie in the equatorial pi a tie of earth 
(b) its height from the surface of earth must he 36000 km 



(e) it period of revolution must be 2it I— where R is the radius of earth 


Ed) its period of revolution must be 24 hrs 



3. A ball of mass mis dropped from a height h equal to the radius of the earth above the 


tunnel dug through the earth as shown in the figure, Choose the correct options, 
fa) Particle will oscillate through the earth to a height /ton boih sides 
(b) Particle w ill execute shuttle harmonic motion 



(a) £ will first decrease then increases 
fb) /: will first increase then decrease 


2 m 

8 


.■M 

j- 


(c) V will first decrease then increase 
Id) V will first increase then decrease 
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134 Mechanics-fl 

5 . Two spherical shells have mass m and 2m as shown. Choose [lie correct 
options. 

(:0 Between A and B gravitational Held strength is zero 

(b) Between A and B gravitational potential is constant 

(c) There will be two points one lying between //and C and other lying 
between C and infinity where gravitational field strength are same 

(d) There will he a point between //and C where gravitational potential will 
he zero 

6 . J our point masses are placed at four comers of a square as shown, When positions or™ and 
interchanged 

3m 




7. 


8 . 


(a) gravitational field strength at centre wilt increase 

(b) gravitational field strength at centre will decrease 
(e) gravitational potential at centre will remain unchanged 
(d) gravitational potential at centre will decrease 

Tw o identical particles I and 2 are projected from surface of earth with same velocities 
in (he directions shown in figure, 

(a) Both the particles will slop momentarily (before striking with ground) at 
different times 

(b) ParticJe-2 will rise upto lesser height compared to particle-2 

(c) Minimum speed of particle-2 is more than that of particle-1 

(d) Particle-1 will strike the ground earlier 

A planet is moving round the sun in an elliptical orbit as shown. As the planet moves from 
(a} its kinetic energy' will decrease 

B 



A to B 



(b) its potential energy will remain unchanged 

(c) its angular momentum about centre of sun will remain unchanged 

(d) its speed is minimum ai A 

9. A satellite of mass /» is just placed over the surface of earth. In this position mechanical energy 
state) luc is/:,. Now it starts orbiting round the earth in a circular path at height h - radius of earth. In ^ 
position, kinetic energy, potential energy and total mechanical energy of satellite arc K lt U, and t- 
respectively. Then 




(b) £, =£l 

‘ 4 


<C) K 2 = - E, 


u 2 

< d > K r -f 
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10. CHAPTERS OMMIm 135 

C 3 ) if mass of earth is made four times k t ^n , 

become two limes g °* cr r!Kt <** constant. orbital speed of satellite will 

lb > corresponding to change in pan (a), n m ^ ncri . , 

(cl "'hen value ot (i is made two limes orbital sr*. m ■ ^‘ ldlllk: WlM halt' 

<d)£has no effect on orbital speed and time period ' nCrCaSes a!ld lim « Period decreases 

Match the Columns 

i . There is a small hole in a spherical shell of mass M and radius R a „ tH -■ , r 

X?* ** pd “ " ass,wvn - MaKh 


Column | 

{a > Potcnual energy from A 
to !l 

(b) Potential energy from li 
to C 

lc) Speed of panicle from B 

tor 

td) Acceleration of particle 
from A to C 


Coin Jim |l 

Ipt (. omsiuMUflly increases 
fol ContuSubus!) decreases 

(r) First increases then 
remains constant 

(s) butte of these 



M, R 


2, Five point masses mcach are placed at five comers of a regular pentagon. Distance of any comer from 
centre is r, Match the follow ing two columns, 


Column I 


Column II 


(a) (iraviiiiiioiiLil held 

tp> Gnvr 

strength at centre 


(b) Gravitational 

( q] 4Gr*r r 

potential at centre 


(c) When one mass is 

(rl zero 

removed gravitational 


fid d strength a( centre 


(d) When one mass is 

{s) None of these 

removed gravitational 


potential at centre 



f. ohmin I 

Column 11 

(a) Field strength at distance 
2 v from centre 

<>” | 

V 

y 

(t>) Potential 1 at distance ~ 

W 2 

from centre 

x 

(c l Field strength at 

distance v/2 from centre 

< r > T" 

4/ 

(d) Potential | at distance 

2 yfrom centre 

(s) None 
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4. Match the following two columns. 

(Iiluinri 1 

(a) Work done is raising a mass t» lu a 
height h - ft 

(b) kinetic energy efa satellite of mass wtat 
height h = X 

(e) Di ffereftce i a energi es of two said 1 ites 
each of inass m but one at height i\ = ft 
and another of height A; = 21? 

(d) Kinetic energy required to raise a particle ■ 
of mass m to a height h- R if' projected 
verlicsifly tram surface of earth, 

Column 11 

<p> | mjtf R 

4 

(q) > fi K R 

(r) i mgR 

(s) None 

5, Match the following two columns. 


Column ■ 

Column LI 

(a) Gravitational field strength is 

(P)r = 0 

maximum at 


tbt Gravitational field strength is zero at 

(q) r = R 
!i 

» r= 7i 

(c) Gravitational potential is minimum at 

(d) Gravitational potential is zero at 

(s) None of these 

1 fere ns distance from centre of a solid sphere or distance front centre of a 

Subjective Questions (Level 2) 


1 * Three partieles of mass nt each are placed <U the three comers of an equilateral triangle of side a. Find the 
work which should be done on this system it) increase (he side of the triangle to 2a. 

2. A man can jump vertically to a height of 1.5 m on the earth. Calculate the radius of a planet of the same 
mean density as that of the earth from vv hose gravitational field he could escape by jumping. Radius of 
earth is 6,41 x 10* m. 

3* An artificial satellite is moving in a circular orbit around the canh with a speed equal to half the 
magnitude of escape velocity from the surface of earth, (Radius of earth = 6400 km) 
fa) Determine the height of the satellite above the earth's surface. 

(h) If the satellite is stopped suddenly in its orbit and allowed to fall freely on the earth, find the speed 
with which it hits the surface of earth. 

4. A uniform metal sphere of radius R and mass m is surrounded by a thin uniform spherical shell ofsantc 
mass and radius 4*. The centre of the shell C falls on the surface of the inner sphere. Find the 
gravitational (Telds at points A and ft. 


& 

* 



Ac=m. ec = sfl 
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h li S ,,re «"% wide a lead , D i„.„ T . 

t*m •*"* "* «*“» **<* sphere and JS~b 1 ~ «fc cavity 

The mass of 1 lie sphere before hollowing was |« u.',7 r '* hl sldt ' <*#*sphere 
does Ihc hollowed out lead sphere attract . Ilarli ., '. lsrav ™ il >nal force 
distance d from the centre of the lead spheaMm tl - m that ,ies « a 
centres of the spheres and of the cavity. “ stra ® lt lilie co&necting the _ 

> The density oflhe COrt> of » Pianet isp, a(ld that of 

planet arc Ji and 2 R respectively, The accelerati™ <u ' ' h ld 1 ,s p 2 * ,hc radii of the core and that of|j c 

a depth Jt. Find the ratio of—.' ' 

n. 



7. 



If a-satellite is revolving around a planet of mass Min an elliptical orb,t ofsemi-maior 
the orbital speed of the satellite when it is at a di stance 


=CM 


M 

L r a] 


;'roni the focus will be given by 


a\is«. Show that 


8 * A uni form ri ng of mass m an d rad i us a i s pi aceddi rect ly above a uni form aiphe rc of mass 1 / and of equal 
radius. The centre of the ring is ai a distance y'3w from the centre of the sphere find the gravitational 
force exerted by the sphere on the ring. 


9. Distance between the centres of two stars is t Or*. The masses of these stars arc M and 16-1/ and their radii 
<1 and 2 a respectively. A body of rna,s$ m is fired straight from the surface of the larger star towards the 
smaller star. What should be its minimum initial speed to reach the surface of the smaller star? Obtain the 
expression in terms of O', M and u 

10. A smooth tunnel is dug along the radius of earth that ends at centre. A hall is released from the surface ot 
earth along funnel. Coefficient of restitution for collision between soil at centre and ball is 0.5. Calculate 
the distance travelled by ball just before second collision at centre. Given mass of the earth js M and 


radius of the earth is R. 

Inside a lived sphere of radius R and uniform density p. there is spherical cavity of radius | such that 

surface of the cavity passes through the eenlre ofthe sphere as shown in figure A parade 
released from res. a. centre B ofthe cavity. Calculate eelocty with wl tel, pantek suthes the centre A 
the sphere. Negiect earth's gravity. Initially sphere and pants t are a res. 
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138 Mechanical I 

12. A projectile of mass m is tired from the 



•d tom l ho surlmm of the $■* 31 an an - Ek “ “ Wlrom thc ’*"** ^ 
C 'l, H()V , hig i, docs the projectile rise '! Neglect air resistance and *, 


initial speed v,, is equal to 


earth’?; rotation. 




distributed uniformly over its circum ference. A highly dense particle of mass m 2 -6x10 kg is placed 
on the axis of the ring at a distance x 0 = 3 m from the centre. Neglecting all other forces, except mutual 
gra\ national interaction of the two. Calculate : 

(it displacement of the ring when particle is at the centre ol ring, and 
(ii t speed of the panicle at that instant. 

14. Tw o planets of equal mass orbit a much more massive star (3 igure). Planet nt\ moves in a circular orbit of 
radius 1*10* km with period 2yr Planet m 3 moves in an elliptical orbit with closest distance^ =1x10' 
km and farthest distance r 2 - L$* 10* km. as shown. 

(a) l. sing the fact that the mean rad i its of an elliptical orbit is the length of the semi-major am, find the 
period of rn : m s orbit. 

lb) Which planet has the greater speed at point P ? Which has the greater total energy ? 

(c| Compare the speed of planet m-. at P with that at A, 




15. In a double star, two stars one of mass m, and another of mass m 2 .with a separation d rotate about their 
common centre of mass. Find : 

(a) an expression for their time period of revolution. 

(b) the ratio of their kinetic energies, 

(el the ratio of their angular momenta about the centre of mass, and 

(d) the total angular momentum of the system, 

(e) the kinetic energy of the system 
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Answers 



Introductory Enercise 10.1 

. 0.0168 ™ 2 2. 7 8 , 10 J rad/s 3. 1600 Kn, 4.4 s J,GMm 

t ' p 

Introductory Exercise 10.2 

3Gm 


*■ - t *' 200 *** ' l ° n * pos "“ 3 - t*«. <*•. tm -rt! 4. 

S, I0%2 N 6. 2ero 


False 


Introductory Exercise 10.3 

1 . Trge 2* mg/? 3. 2,1* lO^mr* 4.2 x 10* mr^ 4 . l0 kins’ 1 

Intro [factory Exercise 10.4 

U.2kms : 2. Angular momentum, mechanical energy 3. 2: i, 2:1 

5* (a) Orbit will become elliptical (b) The saCellite w j|j escape 




AIEEE Corner 

Objective Questions (Level 1) 

1. * -5.3* 10 :C ms \ - 2.65* 10 " i0 ms ' 


■(Ir) 




(along PB) 3, 



A s * wTd) e - 4 - 9m? 2 7, (a) 2.45 ms' 2 (b) 4.9 ms' 3 

(^5 - iy? 

— 2 ■ where * lS the racf * us of earth 9. 997 N 10, 1,237 x 10 3 rads' 1 , 84,6 min 

2s GM 


8. 


II, approximately 30 km 12. F 13. (a) AR (b) 7.65 ft and 1,49 ft 14. f = 

Jf?l 4 “?) L 


’ « £ ' 

^ ^ ai ^^-Co^rds the centre) (b) (towards the cen(re) 16 ^ 


Jt§Pof 3Grr! 


iGM 


l9 < (e)82km/s (b) 1.8 - 2Q* kms' 1 20. 2,5/ I0 4 km 21. v -- . 

v’ < 23. (a) 9.6 x 10 10 J (b) 1.07 x IQ W J 


'4gm 


22. (a) 7.5* 10 s j (b) 8.17 x 10 9 J 

24 . W f.S»* (|,.a rs <C, «£ 25 . (.) ^f 5 ? (W - 2GMm 

26j 56v2 h. 38844 kmh 


4ft 


2? - (a) 6.90 kms ; (b)2.38x 10 30 J (c) - 4.76 * 10 10 J with usual reference (d) 2.1 h 


28 - 0.71 yr 29. (a) No (b) Same (c) Yes 

Objective Questions (Le veil} 

L ft) 2. (b) 


3. (e) 4. (d) 5. (d) 


11 (b) 12. (b) 13. (d) 14. (b) 15. {i» 

>1 


a - fcJ 


6. (b) 7, (b) 6, (a) 9. (b) 10. <c) 

16. (b) 17. (C> 18, (d) 19. (a) 20, (b) 


^ W) 13. (d) 14. (b) J.5. w »* w *'• ^ 

22. (C) 23, (d) 24. (c) 25. (a) 26. (c) 27, (a) 26. (c) 
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JEE Corner 



3. (b) 


Assertion and Reason 

l, (b) 2 . <b> 3. Cb) 

11. (d) 

Objective Questions (Level 2) 

1. (c) 2. <0 

11. (a) 12. (b) 13- (d) 

21. (a) 22. (b) 23. (d) 

More than One Correct Options 

1. (a.&.d) 2. <a,t>.d) 

S. (c,d) 9, (an) 

Match the Columns 


4. (d) 5. (d> 6 «*> 7 - (d) 8 <a5 lc) 


4. Cd) 
14. CO 

24. (b) 


3, (a.c.d) 
10 . (a.b.0 


S. (d) 
15. (b) 


4. (a.d) 


6. (c) 
16 . (c) 


7, (d) 
17, (a) 


5, (a.b.c) 


1. 

(a) -+Q 

(b) -> S 


(dUr 

2. 

(a) r 

(b) s 

(c) ■+ P 

(d) s 

3. 

(a) -> r 

(b) -* s 

(d) -* p 

(<>}-* q 

4. 

Ca) -* r 

(b> -> p 


(d) -► r 

5* 

(a) -» q,r 

(b)->p 

(c) -♦ p 

(d) s 


Subjective Questions (Level 2) 

2. 3.1»io 3 m 
2a 

OMm f, 1 


1. 

5. 


1 - 


8(1 Ri 2df 


3. {a) 6400 Km (b) 7.92 kms 
■l3GMnr< 


4. 


Gm 

lift* 


6. 7/3 8. 


8a 1 


9 * 
2 



&. (a) 

18. (a) 


9. (c) 

19. (c) 


6. (a.C) 


6l6m 

90Gff z 


10. d 2R 


»• I 


12, ^ 13* CO0-3m (iiJlScms 1 

14. (a) 3.31 yr (t>) has greater speed and greeter total energy (c) v p = 1.8'/,, 


15. (a) 2* 
1 


iz 2 

V<5(ra, - 


- (h)^ (c ,a 


Ce) g where M i$ the reduced mass and ca the angular velocity. 
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7. (b.c.d) 
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CHAPTER H Simple Hai 


fmanic fflotiun m 


% 1 
J 

\ I 

M 


Solved Examples 

Level 1 

wsmple I <f “ SHM is by ’be equation , = 10 sin « + 5 ) m S , mils detcrm 

V 6 ) 

^piiiude. time period and maximum velocity ? 

Solution Comparing the above equation with 

x- A sin (tor+$), wcget 


me its 


A = \ 0 m 

Abs. 

to= 7 TS -1 and 


6 


T = — => T- 2 s 

Atts. 

to 


r max =toj 4 = 10 Ttm/s 

Ans. 


Example 2 A panicle executes SHM with a time period of 4 s. Find the time taken by the particle to go 
directly from its mean position to half of its amplitude. 


Solution 

At 

Hence, 

or 

or 


x = A sin (cor +<J>) 

t^ 0, -x -0 


=> /lsmQ=0 or <}> =0 
x = A sin (wO 

d- - A sin (wl) 

2 

- =sin (to/) 

2 

-I 


1 n 

2 j“ 6 


at - sin | - J = 

_ 71 71 ^ 

6to 6 (2n) 


as 


co = 


2tt 


=L 1 S 
t 12 3 


Ans, 


Example 3 A particle executes SHM. ti t ,,j ie „ displacement is one 

(a) What fraction of total energy* is kinetic and what fraction is potent 

half of the amplitude? , p 

(h) At what value of displacement are the kinetic and potential energies eipt 
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172 Mechanics'll 


Solution We know that 


i 2 4 ? 
£ iM i=5" ,<D a 


and 

(a) When 


KE - - (^" _Jf ~) 

2 

1 2 2 
if = - 
2 


\ , 1A 2 

KE = - wor — 

2 4 


KE 


1 


3 

4 


Ans, 



At Jf = 

2 


(b) Since, 


or 


„ 1 ^ A 
U - - min — 

2 4 


PE 

^loial 

K=U 

,2 


4 


Am 


I .2 (J ! „2 X _ 1 _2„2 


Mta 1/1" -.ir)~- moo*' 

2 2 

or x = 4 = =0.707.4 


^2 


Ans. 


Example 4 Two particles move parallel to x-axis about the origin with the saute amplitu(k and 

A 

frequency . At a certain instant they are found at distance — from the origin on opposite sides but they 
velocities are found to be in the same direction. What is the phase difference between the two ? 
Solution Let equations of two SUM he 


Give that 
and 

Which gives 


.r, = A sin to t 

x 2 - A sin (cor + <(>) 

A , , 

— - A sin tot 
3 

- — = .4 sin (<or-n|>) 


I 




sm«r = - 
3 

sin (tot + $) = -! 

3 


...(H 


From Eq. {iv) t 


sin n>r cos 4> + cos tor sin t|> — — 
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or 


n 


^ Simple Harmonic MDti 


Motion H3 


this equation, we get 


j eos4 + - i sift^ _ 


cos<}> = - ] L 
'9 

(^ == Jr or cos -1 


f z l 

UJ 


Differentiating Eqs, (i) and (ii), we obtain 

v i — Am cos to/ and = /f tocos («/ + <{>) 

I iwe P'H* = It we fintJ >i and v 2 are of opposite signs. Hence, 4 , nis not acceptable. 

*=co s -'^j 


Ads. 


Example 5 A panicle executes simple harmonic motion about the point x = 0 At time t it has 
displacement x = 2 cm and zero velocity . If the frequency of motion is 0.25 s ' , find (a) the period, 
fb) tmgidar fretjuency. (c) the amplitude, (d) maximum speed, (e) the displacement at t-1 s and (f) the 
velocity at t — 3 & 


Solution (a) Period 


T =—= 


1 


= 4s 


/ 0.25 s~ ] 

o> = ?2 = ^ = *md/s = 1.57 rad's 


(b) Angular frequency ~ p 4 2 

(c) Amplitude is the maximum displacement from mean position. Hence, A - 2 - 0 - 2 cm, 

(d) Maximum speed v max = A m-2 ♦ — = n cm/s -3 14cm/s 


Ans. 


A ns. 


Ans. 


id The displacement is given by 
Initially at f = G v 


or 

or 


* = A sin (to/ + <{>) 
x - 2 cm. then 
2 = 2 siti ^ 
sin ^ = 1 = s ' n ^ 

4 =90° 


Mow, at 1 =3s 


* — 2 sin 


f-xJ+fV 

^2 2) 


0 


Ans. 

Ans. 


ff 1 Velocity at x = 0 is U ’ 3,14 Cm/S ' . ...... ai depth hbelow earth > surface ts 

E *amp!e 6 Show (hat the period of oscillation findoil die miepc'ioa of a 

^proportional to where R is the rathus o, 

tenditlum at a depth Rfl from the earth s surface l 
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Solution Al earth's surface the value of time period is given by 

r -*£ - 


At a depth it below die surface, 



or 


Further, 



Hence proved. 

Ani, 


Example 7 A spring mass system is hanging from the ceiling of an elevator in 
The elem ° r sudden, y s,arts accelerating upwards with acceleration a 

(a) the frequency and 

(b) /he amplitude of the resulting SUM. 


Fig. 11.29 

Solution (a) Frequency = 2 njf (Frequency ls independen, ofg in spring) 

(b) Extension in spring in equilibrium 

initial = 

k 

Extension in spring in equilibrium in accelerating lift = 

k 

Amplitude = m ^ + g ) _ _ ma 4r 

k k k 
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CHAPTER 1 

Example 8 A ring of radius r is suspended from a point on m 
circumference Determine its angular frequency of smalt oscillations. 



Solution h is a physical pendulum, the lime period of which is, 

T 


-fcjr 
V m s ! 



Here. / - moment of inertia of the ring about point of suspension 
= mr 2 + mr 2 
= 2 mr 

and l = distance of point of suspension from centre of gravity 


,\ Angular frequency 


or 


r=2 «.m^ n i* 

mgr \ g 

2n 
(a = — 


»=4 


Ans. 


Level 2 

Example 1 For the arrangement shown in figure, the spring is 
initially compressed by 3 cm, mien the spritig is released the block k= m 

collides with the wall and rebounds to compress the spt iog again. 


m = \ kg 


t-*— 4 cm—H 
Fig. 11 31 


(a) if the coefficient of restitution is find the maximum 

compression in the spring afier collision. ^ minimum time after which the 

(b) If the time starts at the instant when spring c 
block becomes stationary. 

loliition (a) Velocity' of the block just before collision. 

2 2 4 
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176 Mechanics^! 


* 


v‘) 


or V ° 

Here. —0,03 m, A j =0,01ni. ^-10 N/rn t /it-1kg 

Pp -2 42 m/s 


After collision, 


v - m, - ' 2,42-2 m/s 

42 


Maximum compression in the spring is 


- kxi =- Jtr' t-wr 
2 2 2 


or 


-FIR- f^W 


m 


= 2.23cm 


A Eli, 


(b) In the case of spring-mass system, since the rime period is independent of the amplitude 
oscillation. 


2.23 cm 


D 




3 cm 

Fig. 11-32 


-*+*—■—-—H 

1 cm 


Time = tj 8 +2 ( 8c + t m 


Here, 

Substituting the values, we get 

Total time 






^+2 sin 


-if 1 


A ns. 


Example 2 With theammption of no stipping, determine the 
m of the block which must be placed on the top oft, 6 kg con in t 

that the rnem period it 0.75 What h the minimum coefik^tof 
static friction p , for which /he block will no/ slip relate L?L 

ihe can is displaced 50 mm from the equilibrium 
released? Take (g - 9.8 mis 1 ). 


position and 



Fig. U,33 
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Solution (a) 


T=2„'!”+I 

V 600 


Ch ' ,F 1 h ■■ Simple Harmonic Motion 


177 


or 


600 

0.73 = 2K t |"LtI 
\ 600 

m „(0.75) 2 x600 , 

— f> 

(2*r 


( r '*f) 


(b) Maximum acceleration of SHM is. 


= 2.55 kg 


Ans. 


«W = ■»'A 


(A = amplitude) 

■he ^ " ,,iCh Provided # ,he forKof toi ™ 



H,mg > nm'A 

H- * 


it} 2 A 


*K ?Si 

"Mm 


p, > 0.358 

'Fhus, the minimum value ofj.i. should be (J. 35 & 


(4-50 mm) 


Ans, 


Example 3 A long uniform rod of length L and mass M is free to rotate in u 
vertical plane about a horizontal axis through its one end 1 O'. A spring of force, 
constant k is connected vertically between one end of the rod and ground, 
When the rod is in equilibrium it is parallel to the ground. 

(a) What is the period of small oscillation that result when the rod is 
rotated slightly and released? 

(h) What will he the maximum speed of the displaced end of the rod. ij tie 
amplitude of motion is 0 0 ? 

Solution (a) Restoring torque about ‘O' due to elastic force of tbc spring 

x ^-FL = ~kyl 

x = -kL 2 B 


t = ,a=-W 



Fig, 11,34 


(F=*V) 
{as y = LQ) 


3 dr 


ki 1 0 
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dfO 

dr 


3A 

U 


0 


=> T=2*M 


M 


3k 


Ajis, 


(b) In angular SUM maximum angular velocity 

— 1 =0oCO-0o 


dt ) 


mas 

(iM) 
v-r —- 
[dt) 



So, 




-ff) -r*. 

\ & ), 


r nrnt 



A ns. 


Example 4 A block with a mass of 2 kg hongs without vibrating at the end oj a spring of spring 
constant 500 A 7m. which is attached to the ceiling of an elevator The elevator is moving upwards with 

an acceleration — .At time / = 0, the acceleration suddenly ceases. 

3 

(a) What is the angular frequency of oscillation of the block after the acceleration ceases/ 

(b) By what amount is the spring stretched during the time when the elevator is accelerating? 

{c) What is the amplitude of oscillation and initial phase angle observed by a rider in the elevator? 
Take the upward direction to be positive. Take g = 10.0 m/s~. 


Solution (a) Angular frequency 


*> = J- 

V m 


or <tj _ 


■jf 


or w = 15.81 rad/s 

(b) Equation of motion of the block (while elevator is accelerating) is, 

kx - mg - ma = m ^ 

3 



_ 4mg ^ (4)(2)(I0) 


= 0.053 m 


3k (3)(500) 
or x = 5.3 cm 

(c) (i) In equilibrium when the elevator has zero acceleration, the equation of motion is. 


- wg 


or 


*0 


m f> (2)(10) 


Amplitude 


k 500 
= 4 cm 

A =x~x 0 -5.3 4.0 
= 1.3 cm 


= 0.04 m 
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AHtR 1 1 Simple Harmonic Motion \ 

(>■) At timif i = G, block is at x = - A. Therefore, substituting x = - A and t =i) in equat* 



We get miihl phase 


x=+A 


f Mean position 


B§ | X=-A 

Fig. 11.37 

.v = A sin (to; + ^) 
jl. 3tt 


Example 5 Figure shows a system consisting of 
a massless pulley, a spring offeree constant k and 
a block of mass m. If the block is slightly displaced 
vertically down from Its equilibrium position and 
released, find the period of its vertical oscillation 
hi cases fa), (h) and (c). 



(a) 


Ans. 



Solution (a) In equilibrium, kx$—Mg 

When further depressed by an amount x. net restoring force (upwards) vs. 

r =-{k(x+Xu)-ing} 


■ (i) 


or 


or 


F = - 

k 

a=- — x 

m 


T = 2n 




(as kx (} ~ mg) 
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180 Mechanics'll 

(b) In Oils case if the mass m 
move down by — - So, the extra 

massless, this.force f is equal to extra2 T or T = = This is also .he restoring force 
of the mass. Hence, 

F~& 

4 


moves down a distance x from its equilibrium position, then pulley, 
force in spring will be k j Now, as the pulley is j fa 

kx 


or 


or 


or 


a = —— x 
4m 




'= 2 *T 


(c) In this situation if the mass w moves down a distance x from its 
equilibrium position, the pulley will also move by x and so the spring will 
stretch by 2x. Therefore, the spring force will be 2£v. The restoring force on the 
block will be 4kx. Hence, 

F - - 


2kx 



or 


4* 

a = - — ,x 
m 


=2,, jl 


or 


r=2jtJ— 
4k 


Ads 


Example 6 Calculate the angular frequency of the system shown 
tn figure. Fric tion is absent everywhere and the threads spring and 
pulleys are massless. Given that m , = m H = m. 



Solution Let *, be .he extension in .he spring in equilibrium. Then equilibrium of A and B ** 

7 1 = fe 0 + mg s jn g 
IT = mg 


and 
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simple Harmonic: Motion 131 

Hcrv, T is the tension in the siring. Now, suppose A is further displ ace d by a dista 
position and v be its speed at this moment. Then B lower* k, * . , . J ^ mivux from us mean 

Sb ^ ^ ^ speed this instant will be I 

Total energy of the system in (Ins position will be 2 " 

\2 


or 

or 


Since, E ss constant 


EM 2 i <Jr + i '“ )J +ms r S i 11 e-«g£ 

£ '=^(-i- + v e i- + 5„ M ,; +mgt S i n e^ mg f 


’b 


= 0 


or 


Substi luting, 


dE 
df 

0 = k (x + x n ) —-- + - mv ^ 
dt 4 

dx 

~dt 

dv 

~dt 


~ W**tjiita6)(—Vi2f 

d * J [dfj 2 (dr J 


= v 


and 

We get 

Since, 

Motion 


kx f) + mg sin 0 

— ma - - kx 

4 

a <x - x 


[f rom E-qs. (ij and t 


;e, — 

ion is simple harmonic, lime period of which is, 


r= 2 *J If 


= 2tt 



<0 = 


2n_ IjW 


/5m 


Example 


ting in a cylindrical through (radius 
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182 Mechanics-ll 



Solution For pure rolling to take place, 

„ i? - Rt& 

<rf = angular velocity ot COM of sphere C about O 
V _ /fro _ e> 

~4tf ~4fl " 4 
iM _ I dm 

~di~llh 



Fig, H.44 


or 


where, 


as, 


, a 
a - — 

4 

a = — for pure rolling 
R 

g sin 0 5if sin 0 
a = —-= —- 

I—C 7 

mil- 

l=-mR 2 

5 

^,_5£5ine 

. . U - “- 

2%R 

l or small 9, sin 0;0. being restoring in nature, 

a'=-ie 

28/? 


r=2it. 


1 = 2n 

al V % 


Ans 


sample 8 Consider the earth as a uniform sphere ofmass M and radius R. imagine a straight smooth 
twtel made through the earth which connects any two points on its surface. Sim, that the motion of* 

determine the time that a particle would mk* tn tin _' ^ J m W , " . ^ . , " ' ■ 



Jf-anns 
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Therefore, 


F r = ~ F sin 0 = - 


GMrnr f x \ 

fi 3 \r J 


GMrn 


Since, F x °c -x t motion is simple harmonic in nature. Further, 


ma h 


GMm 




x or a* = 


GM 

J? 3 


Time period of oscillation is. 




\ 


il = 


2n. 


R 


GM 


. T 


The time taken by particle to go from one end to the other is - ■ 


T 

r = — = tl . 
2 


R 


\GM 


Ans. 
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Exercises 1 


AIEEE Corner 

Subjective Questions (Level 1) 

Kinematics of SHM 

1« A 50 g mass hangs at the end of a massless spring. When 20 g more are added to the end of the 
spring, it stretches 7,0 cm more. 

(a) Find the spring constant. 

(b) Jf the 20 g are now removed, what will be the period ot the motion 7 

2. A body of weight 27 N hangs on a long spring of such stiffness that an extra torce ol 9 N stretchy 
the spring by 0,05 m. If the body is pulled downward and released, what is the period ? 

3. A 0.5 kg body performs simple harmonic motion with a frequency of 2 H/ and an amplitude of 
8 mm. Find the maximum velocity of the body, its maximum acceleration and die maximum 
restoring force to which the body is subjected. 

4. A body describing SHM has a maximum acceleration of Sfotm s' and a maximum speed of 1.6 m >. 
Find the period Fattd the amplitude A. 

5. Given that the equation of motion of a mass is x =0.20 sin (2.0/) m. Find the velocity and 
acceleration of the mass when the object is 5 cm from its equilibrium position. Repeat forx =0. 

6 . A particle executes simple harmonic motion of amplitude A along the x-axis. At t =0. the position of 

the panicle is.v = A 2 and it moves along the positive .v-direction. Find the phase constant S, if die 
equation is written as .v = .4 sin fo>/ +5). 

7. A body makes angular simple harmonic motion of amplitude nl 10 rad and time period 0.05 s. Ifthe 
body is at a displacement 0 = nf 10 rad at / = 0. w rite the equation giving angular displacement as a 
function of lime. 

8 . The equation of motion of a particle started at / s 0 is given by x - 5 si n 1 20/ + - j. where xh\n^ 
and / in sec. When does the particle 

(a) first come to rest, (b) first have zero acceleration, 

(c) first have maximum speed. 

9. A particle executes simple harmonic motion of period 16 s. Two seconds later after it 
through tlie centre of oscil lation its velocity is found to be 2 m/s. Find the amplitude. 

ID. The period of a particle in SHM is 8 s. At / = 0 it is in its equilibrium position. 

(a) How much the distance it travels in the first 4 s. Compare with the distance it travels m 1,11 
second 4 s? 

(b) Compare the distance travelled in the first 2 s and the second 2 s. 
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X , .. , ... . CHAPTER i i Ifanfle Haramaic Motion 1B5 

I I . An object of mass 0.8 kg is attached to one end of a snrine -lrtl 185 

Etnd (he system is set into simple harmonic motion rhc 
displacement .vof the object as a function of time is shown 
the figure. With the aid of the data, determine 
0 §) the amplitude .-i of the motion, 

(b) the angular frequency e> ( 

(cj the Spring constant k, 

(d} tlit 1 speed of the object at / = IjO s and 

(e) the magnitude of the object's acceleration at t = l Os 

12. w The ™, io „ Of fl« pamde in s.mple hennonic mMtel i s giv ,„ bv , 

H its speed is u, when the displacement is i w m ^ ■ 

that the amplitude of the motion is 3 P L ls v ’ w K * n displacement is ,r 2 , show 



£3 = 


v 2 x{ ~u 2 x; 


If 


1/2 


(b) A panicle is moving with simple harmonic motion in a stmidu line when .i>. a*, 
pamck; from the «,»Bbrium porilion has .he values * and *e 
velocity arc w T and u 2i show that the period is ^ s values ( 

ll/2 


T=2k 


Jf - .vf 

uf - uf 


* 

ni 

d 

\t 

* 

i 


Energy in SHM 

13, A spring-mass oscillator has a total energy £ 0 and an amplitude x lr 
{a) How large will K and U be for it when x = ^ .r 0 ? 

(b) For what value of a- will K -U ? 


14, Show' that the combined spring energy and gravitational energy for a mass m hanging from a light 

| ^ 

spring of force constant k can be expressed as - ky 7 \ where y is the distance above or below the 


equilibrium position, 

15. The masses in figure slide on a friction less table, flj| but not wtj, is 
fastened to the spring, 1 f now m j and m z are pushed to the left, so 
that the spring is compressed a distance A what will be the 
amplitude of the oscillation of t»\ aft er spring s>Mtm is 
released ? 



* I he spring shown in figure is unstretched when a^man 1 
pulling on the cord. The mass of the block is M. t te 

a constant force F, find , , ,. frtie htpek, 

(aj the amplitude and the time period of the s throu gj, 

% the energy stored in the spring when the block passes Urn t 

the equilibrium position and 
ici the kinetic energy of the block at this pc^i < 
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186 Mechanics-II 


17. In figure, it = IOON. m, M - I kg and F = JO N. 

(a) Find the compression of the spring in the equilibrium 
position, 

(b) A sharp blow by some external agent imparts a speed ol - m/s 
to the block towards left. Find the sum of the potential energy 
of the spring and the kinetic energy of the block at this instant. 

(c) Find the time period of the resulting simple harmonic motion. 





(d) Find the amplitude. 

(e) Write the potential energy of the spring when the block is at the left extreme. 

(f) Write the potential energy of the spring when the block is at the right extreme. 

The answers of (b), (e) and (0 are different. Explain why this does not violate tile principles 
conservation of energy? 


IS. A point particle of mass 0.1 kg is executing SUM of amplitude 0,1 in. When the particle pa^ 
through the mean position, its kinetic energy is 8 x 10"' J, Write down the equation of motion ofthi? 
particle when the initial phase of oaci Nation is 45®, 


19. Potential energy of a particle in SUM along jr-axts is given by : 

U =IO + (.v-2) 3 


Here. L is in joule and x in metre. Total mechanical energy of the particle is 26 J, Mass of tile 
particle is 2 kg. Find : 

(a) angular frequency of SUM, 

lb) potential energy and kinetic energy at mean position and extreme position. 

(c) amplitude of oscillation, 
f d) r~coordinates between which particle oscillates. 


Time period of SHM 

20. A pendulum has aperiod nor small oscillations. An obstacle is placed directly beneath the pivot,SO 
that only the lowest ^-quarter of the string can follow the pendulum bob when it swings to the let 
of it, resting position. I he pendulum is released from rest at a certain point. I low long will it tafcete 
return to that point In answering this question, you may assume that the angle between the moving 
string and the vertical stays small throughout the motion. 



21. An object suspended from a spring exhibits oscillations of period 71 Now, the sprins is 
cut in half and the two halves are used to support the same object, as shown in figure. 
Show that the new period of oscillation is 7/2. 
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22. Assume that a narrow tunnel is dug between two diametrically omwite . 

earth as a solid sphere of uniform density. Show that if a panicle \s r-! V' t ! real (he 

execute a simple harmonic motion, Calculate the time period of this moling ' Tunncl ‘ 11 w W 

23. A simple pendulum is taken at a place where its separation from the 

radius of Che earth. Calculate the time period of small oscillations ifth i u' t" C 15 Cquai l& lllL ' 
Take*..’ m/.» a.thesurfaceoflteeanh. c *‘''^.tU,= l e ng.hofth« s tT,„ eisl .o m . 

24. The siring, Ihe spring and the pulley shown in figure ere light. Find the finre period of ,he 

mass /w. K 1 



25. A solid cylinder of mass M 1 0 kg and cross-sectional area A -20 cm : is suspended by a spring of 
force constant k s=100 N rn and hangs partially immersed in water. Calculate the period of small 
oscillations of the cylinder. 

26. Pendulum A is a physical pendulum made from a thin, rigid and uniform rod whose length is tL One 
end of Ibis rod is attached to the ceiling by a fried onlcss hinge, so that the rod ts free to swing buck 

and forth. Pendulum B is a simple pendulum whose length is also d. Obtain ihe ratio ^ ot their 



pe riods for smal l angle osc i I lattons. 

.1 i i . „f mate m is attached to a horizontal spring with force 

pSJ -* - * - 

j if displaced from mean position. 

“ I 2k' 


V c«d 1 m between a0.50 jgf-Jj2SK 
lonstam k - 20 N/m. The other end of he HP. ^ ^ rf mass 

vail and the cord rs placed over _ . in ^f,g U re). Assuming 

i.O kg and radius 0.50 rn P* of ,he oscillations when 

to slipping occurs, what is^ 
he body is set into motion . onic motions. k alw6 r 

bination of two or more sim m j e s«andl»aP>^^ ai ^5sulii»P‘ 

^d v-axes respectively-1 { 
followed by the particle- 
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30. Three simple harmonic motions of equal amplitudes A and equal time periods in the same direct^ 
combine, the phase of the second motion is 60" ahead of the first and the phase of the third nicuEc,?, 
is 60 ahead of the second, Find the amplitude of the resultant motion. 

31. A particle is subjected to two simple harmonic motions in the same direction having eqi^j 
amplitudes and equal frequency, If the resultant amplitude is equal to the amplitude of ty. 
individual motions. Kind the phase difference between the individual motions, 

32. A panicle is subjected to two simple harmonic motions given by 


T| -2.Osin (3 00 ni) 



and x 2 -2,05111 (J 20 ni + ir/3) 

where.v is in cm and i in second. Find the displacement of the particle at 


(a) f *0.0125, 


(b) 0,025. 


Objective Questions (Level 1) 

Single Correct Option 

1. A simple harmonic oscillation has an amplitude A and time period 7\ The time required to travel 







2. fhe potential energy of a particle executing SUM varies sinusoidally with frequency f\ The 
frequency of oscillation of the particle will be 




(0 f 


(d> 2/ 


3. For 9 'part icle undergoing simple harmonic motion, the velocity is plotted against displacement. The 

C LIFYL Vb E J f -CH? 



phase difference between these alter I s is 


(b) n/2 


(a) zero 


(c) 7T 4 


(d) m 


6 . A particle starts performing simple harmonic motion. Its amplitude is A. At one time its speed is half 
that of Ihc maximum Speed At this moment the displacement is 


7. Hie length of a simple pendulum is decreased by 21 %. [ he percentage change in its time period is 
(a) 11% decrease (b) 11% increase (c) 21%decrease (d) 21% increase 
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8 . Which of the following is not simple harmonic function? 


CHAPTER 31 Simple Harmonic Motion 10g 


(a) y = rt sin 2 wf + 5cos“ aaf 
(c> v=l -2sin’ tor 


< b > > = «sinwf + hcoiaw 
y = (-y/ rt 2 + & : ) sin cue cos oj* 



9. A mass ; W attached to a spring, oscillates with a period of 2 s . If the mass is incased by 4 W the 
time period immim by one second. Assuming that Hike's law is obeyed, the initial mas, it* 
fa) 3.2 kg (b)lkg (c) 2 kg < d ) 8 kg 

10. Three masses of500 g, 300 g and 100 g are suspended at the end of a spring as 
shown and are in equilibrium. When the 500 g mass is removed suddenly, the 
system oscillates with a period of 2 seconds. When the 300 g mass is also 
removed, it will oscillate with period 

(a) 2 s 

(b) 1.25 s 

(c) 1.5 s 

(d) 1 s 

The displacement of a particle varies according to the relation y* 4 (cos w + sin nt> The 
amplitude of the particle is 

(a) S uni Is (b) 2 units (c> 4 units (d) 4& units 

12. A mass is suspended separately by two springs of spring constant 
k | and in successive order. The time periods of oscillations in the two 
cases arv T } and 7 1 , respectively, If the same mass be suspended by 
connecting tlie two springs in parallel (as show n, in figure} then the lime 
period of oscillations is T, 

The correct relation is 




(b> T' 1 = T~‘+T. 


-2 


>“2 


5 


00 T 2 =TfyTi 

fc) g| =t; 1 + 77 1 (d) r=r t +n 

13. A particle executes simple harmonic motion, Its instantaneous acceleration is given by a = /;.r 
where /? is a positive constant and .vis the displacement from the mean position. Angular frequenev 


of ihe particle is given by 

(a) - (b> p 

P 


(c) Jp 


{ «fr 


14. Two pendulums X and Y of time periods 4 s and 4.2 s are made to vibrate simultaneously. They are 
initially in same phase. After how many vibrations of X, they will be in the same phase again? 

( a ) 30 (b) 25 ' (c) 21 (d) 26 

15. A mass \ f is suspended from a massless spring. An additional mass m .siretchcs the spring further 
by a dist ance ,r, flic combincd mass will oscillate wiilt a period 

(b) lit 


(a) 2 tr 


(C) 2k 



mg 


(M + m) x 


J 



mg 


(M + m) 


;1 


. 


An evaluation version of novaPDF was used to create this PDF file. 
Purchase a license to generate PDF files without this notice. 





















190 Mechanics-ll 


16. Two bodies P and Q of equal masses are suspended ftwn l wo separate massless springs of fol& 
constants A, and * 2 respectively. If the two bodies oscdlatc verb call y such that the,r 
velocities are equal. Hie ratio of the amplitude ol / to I >as o t, 1S 

ki - ■ I* 


(») J t 1 






k-z A; 


( d)ii 

*1 


17. A simple harmonic oscillator has an acceleration of l-25 m/s* at 5 cm Irom the equiiibritjni.it 


period of oscillation is 

, „ 4a.. , 5n 

(a) ys (b> ys 


, t 2 * 

(O yS 


... 2k 

d — s 

25 


18* A disc of radius ft is pivoted ai ils rim. The period lor $mal I oscillations about an axis perpendicufe; 
to the plane of disc is 



(a) Wf 


v _ |2i? , , ^ 12R 

(b) 2 n J~ t c > 2?l i 


H 


(d) 2nS 

\ 2 * 


19. Identify Ehe correct variation of potential energy U as a function of displacement x from mcr, 
posit ioin of a harmonic oscillator (L at mean position =0) 



u. 


cb) 


(d) Norte of these 


22 


23 


20. If the Inghat* simple *rt*»phi$ to .he radius of .he earth. hs time period will be 

W ™ (b)2^m g (c) 2,^ (d) infinite 

21. The displacement-time <*,) graph of a particle executing staple htthnonic motion is shown in 
figure. I he correct vanatron of net force F acting on the particle as a taction of time is 
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22. A mass M is suspended from a spring of negligible mass. The spring is. pulled a little then released, 
so that the mass executes simple harmonic motion of lime period 7". If the mass is increased bv ^r. 

57* 

(he time period becomes —. I he ratio of tn A/ is 

w l o» | fe> § <« f 

23, In the figure shown the time period and the amplitude respectively, whenm 
is left from rest when spring is relaxed are (the inclined plane is smooth) 


m 


sin 0 2 m# sin Q 


(c) 2n 


"vr 


mg cos 0 


(d) None of the above 


rf 2 * 


+ tr * = 0* 


24 The equation of motion of a particle of mass t i- » ^ 

where , is d-spbeemen, (in m) from »» »i.i- ™ <N-W “ f 




(c) ? V 1 0 


mi \t*>M 


oscillation is (in Hz) 

(a> ^ ■ i i lrt a stretched position with ^tension x when the system 

25. The spring as shown in figure is tep*« Jfrfcss, the frequency ol oscillation is 

released Assuming the horizontal surface to 6* 

i 


| k ( M >• m) | 
Mm J 

I' m 

2 IT ^jL wi + W 


(b) 
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22. A mass M is suspended from a spring of negligible inass. The spring is pulled a little then released* 
50 ihat the mass executes simple harmonic motion of time period 7"* Efthexnass is increased by mi, 

5T 

ihe time period becomes —. The ratio of m M is 

W | £ f W J < d > ” 

23, in the figure shown the time period and tire amplitude respectively* when m 
is left from rest when spring is relaxed arc (the inclined plane is smooth \ 

mg sin 0 


(a) . 

fin sin 6 2 mg sin 6 
* 



(b) 2 


(d) None of the above ^ 

24, The equation of motion of a particle of mass ' ~ ^2 


iP 


M 


--- 





<d> 1 5 v '10 


where , is displacement (in « from -an position. The fW of 
oscillation is (in Hz) 

W 1/2 (b)2 . . lf *i c hed position will, extension x when the system 

25, The spring as shown in figure is kept in a s ■ ^ lhe frequency of oscillation is 

released. Assuming the horizontal surface to 

1 


(a) 



11 

k (M + m) 

2n)| 

Mm 

- 

1 

kM 


2tt \ 

[m+ M 



tnM 
k t M + ni ) 
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192 Mechamcs-ll 

- . # The amplitude of oscillation is 2 cm. When tk 

26, A particle executes SHM on a straight line p• the numerical value of magnum 6 

of velocity. The **««, of SHM 

Wu ~ 7j ... I 


(a) - 

It 


V2 


(b) — 
n 


(d) 


{C) ln 2nS 

27. The Iss and dinner of a plane, are twice,hose of earth. What will be the period of oscillating 
pendulum on this planet. It is a second’s pendulum on earth. 

(a) & s (b) l4l « ~fz s 


(d) -!=s 


2B, The resultant amplitude due u> superposition of three simple harmonic motions x, -3sm« f , 


x, = 5 sin (to/ + 37°) and x 3 *-15 cos tor is 

(a) 18 (b) 10 <c) 12 


(d) None of these 


29. Two SHMs .v, = a sin ©r and ,v 2 = Min to/ are superimposed on a particle. I he j, and s 2 are along 


the directions which makes 37 1 ' to each other 

(a) the particle will perform SHM tb) the path of particle is straight line 

(c) Both (a) and (b) are correct (d) Both (a) and (b) are wrong 

30. The amplitude of a particle executing SHM about O is 10 cm. Then 

(a) when the K.E is 0.64 times of its maximum KE, its displacement is 6 cm from 0 

(b) its speed is half the maximum speed when its displacement is half the maximum displacement 

(c) Both (a) and (b) are correct 

(d) Both (a) and (b) are wrong 


31. A particle is attached to a vertical spring and is pulled down a distance 4 cm below its equilibrium 
and is released from rest. The initial upward acceleration is 0.5 ms”". The angular frequency of 
oscillation is 

(a) 3.53 rad/s (b)0.28rad/s (c) 1.25 rad/s (d)0.G8rad/s 

32. A block of mass 1 kg is kept on smooth floor of a truck. One end of a spring of force constant 
100 N/m is attached to the block and other end is attached to the body of truck as shown in tftf 
figure. At l =Q, truck begins to move with constant acceleration 2m/S 2 . The amplitude of 
oscillation of block relative to the floor of truck is 



(a) 0.06 m (b) 0.02 m (c) 0.04 m (d) 0.03 m 
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JEE Comer 

assertion and Reason 

Directions ; Choose the correct option. 

((/) If both Assertion ami Reason are true and the Reason is correct explanation of the Assertion. 
(£) ff both Assertion and Reason are true but Reason is not the correct explanation of Assertion* 

^ ff Assertion is true, but the Reason is false. 

(if) If Assertion is false but the Reason is true. 

1, Assertion : I n x = A cos to/, x is the displacement measured from extreme position. 

Reason : In the above equation * = A at time / =0. 

2, Assertion : A particle is under SHM along the .v-axis. Its mean position is x = 2, amplitude is A =2 

and angular frequency oj. At t 0, particle is at origin, ihen.v-co-ordinate versus time equation of the 
particle will be x =-2 cos to/ + 2, 

Reason : At / =0, particle is at rest, 

3, Assertion : A spring block system is kepi over a smooth surface as shown in figure. If a constant 
horizontal force F is applied on the block it will start oscillating simple harmonically. 



Reason : Time period of oscillation is less than 2 



Sa 

4. Assertion : Time taken by a panicle in SHM to move from x = A to x = is same as the time 

A 

taken by the particle to move from x ~ — to x = 

Reason : Corresponding angles rotated in the reference circle are same in the given time intervals. 

5. Assertion : Path of a particle in SHM is always a straight line. 

Reason ; All straight line motions are not simple harmonic. 

6- Assertion ; In spring block system if length of spring and mass of block both arc halved, then 
angular frequency of oscillations will remain unchanged. 

Reason ; Angular frequency is given by © = J— 

V ifi 


* Assertion : All small oscillations are simple harmonic in nature. 

Reason : Oscillations of spring block system are always simple harmonic whether amplitude is 
sinal] or large. 

o 

* Assertion : In x = A cos mt, the dot product of acceleration and velocity is positive for time interval 

0 < #< - 1 , 

2 co 

Reason : Angle between them is 0°. 

An evaluation version of novaPDF was used to create this PDF file. 

Purchase a license to generate PDF files without this notice. 









t94 Wechanics-ll 

9. Assertion : In simple harmonic motion displaccmenl end acceleration always have a constant ratio. 


kelson 


:r = 2nj 


displacement 


acceleration 


10. Assertion : We can call circular motion also as simple harmonic motion. 

Reason : Angular velocity in uniform circular motion atid angular frequency m simp e harmonic 

motion have the same meanings. 

Objective Questions (Level 2) 

Single Correct Option 

1. A panicle of mass 2 kg moves in simple harmonic motion and its potential 


energy U varies with position x as shown. I he period ol oscillation ol the 
particle is 
'in 

(a) yS 

, , Jin 
(c) — s 


(b) 



, i\ 471 

d) T 


In the figure shown, a spring mass system is placed on a horizontal smooth 
surface in between two vertical rigid walls if] and WT. One end of spring is 
fixed with wall FI, and other end is attached with mass »i which is free to 
move. In it jail >, spring is tension free and having natural length Mass m 
is compressed through a distance a and released. Taking the collision 
between wall ft' : and mass m as elastic and K as spring constant, the 
average force exerted by mass m on wall H\ in one oscillation of block is 



Wi Wi 



* 






Fq 


00 


2uK 


m 


2ma 


, . aK 

(<0 — 
X 


(d) 


2 aK 


m 


4, 


ir it 

3. Two simple harmonic motions are represented by the following equations y- 40sin tor and 

y, = 10 (sin o)^ + c coster). If their displacement amplitudes are equal, then the value of <?(in 
appropriate units) is 

(a) Vi! (b) Vis (c) Vl7 (d) 4 

A panicle executes simple harmonic motion with frequency 2.5 Hz. and amplitude 2 m. The speed of 
the particle 0.3 s after crossing, the equilibrium position is 

(a) zero (b) 27tm/s (c) 4nm/s (d) rcm/s 

5. A particle oscillates simple harmonically with a period of 16 $, Two second after crossing the 
equilibrium position its velocity becomes 1 m/s. The amplitude is 

(b ,^ ra 

n 


. . n 

(a) -m 

4 


, v 8 
fc) - m 

ft 


(d) — m 
n 


6. A seconds pendulum is suspended from the ceiling of a trolley moving horizontally with an 
acceleration oi'4m s 2 . Its period of oscillation is 

(a) I 90s (b) ( c ) 2.30s (d) 1,40s 
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wtocily of the particle arc „ arK | r mspewivety'. “Oration and 




8. 



In a vertical U-uibe a column of mercury oscillates simple harmonically. If the lube contains i kcof 
mercury and 1 cm of mercury column weighs 20 g. then the period of oscillation is 
(a) Is 2 s (c) ^2 s (d) Insufficient data 

A solid cube of side a and density p 0 floats on the surface of a liquid of density p, If the cube j s 
slightly pushed downward, then it oscillates simple harm on i tally with a period of 


( 3 ) 


„/ 


£2 - 
P g 


(b) 2n 


\P_« 
\'p a g 


(c) 2 it 


1- 


Po 


)■ 


Id) 2n 


! + ■ 


Pn 


W 


A particle of mass m is attached with three springs A, B and C of equal force 
constants k as shown in figure. I he particle is pushed slightly against the spring 
C and released, the time period of osci llation will be 


(a) 2^ 


W 2 < 


{b) 2i 


(d) 2 


1 


m 





$k 


1L A uniform slick oflenglh / is mounted so &s to a 

stick anti at a distance d from the centre of mass, I he time pence -m. 

minimum value when dil is 




1 


w 7 T 2 


(c) 


1 


£ t/i2 £ 

12, Three arrangements of spring-mass system me sho ^ ™ oSods 
{A), (Bj and (Q. If 7, f T 2 and 7* represent the respeUiw pc. 

of oscillation, then correct relation is 

(a) r, > t } > r, 

(b) T S >T,>T, 

(c) r, > r, > T s 

(d) T,_>T,>T t 
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196 Mechanics-11 

13, Throe arrangements are shown in figure. 



m < 


2 


m 1 


2 

u 


(C) 

(A) A spring of mass m and sti tTfness k 

(B) A block of mass m attached to massless spring of stillness k 

(C) A block of mass ^ attached to a spring oi mass — and stiffness k 

If /' T 2 and T, represent the period of oscillation in the three cases respectively, then identity die 
correct relation 

£) *i<r 2 <rj (b )T l <T y <T 2 (c )T l >Tj>T z 

14. A block of mass ,W is kept on a smooth surface and touches the two 
springs as shown in the figure but not attached to the springs. Initially 
springs are in their natural length. Now, the block is shifted (/ (l /2) from 
the given position in such a way that it compresses a spring and released. 

Hie time-period of oscillation of mass will be 


(d) < j: < t 2 


k 

W 4* 



. 

2 i B 

1 p 




15. A particle moving on x-axts has potential energy V -2- 2Qx + 5* 2 Joule along x-axis. The particle 
is released at x - - 3. The maximum value of x will be (v is in metre) 

(a) 5 m (b) 3 m (e) 7 m (d) g m 

16. A block oi mass /w, when attached to a uniform ideal spring with force constant k and free length A 
executes SHM. I he spring is then cut in two pieces, one with free length n L and other with free 
length (I -,,) LThe block is also divided in the same fraction. The smaller pan of the block attached 
to longer pan of the spnng executes SHM with frequency f, The bigger part of the block attached 
to smaller part of the spring executes SHM with frequency The ratio /' / /, h 

(a) I (b) - ! h » 




(c) 


ft 


(d) 


1 + n 


17. A body performs simple harmonic oscillations along tlie straight line 
ABCDE with C as (he midpoint of AE. Its kinetic energies at B and D are 
each one fourth of its maximum value, - 2 R, the distance between 

B and D is 


1 1 1 n 


s 


(a) 


— R 
2 


R 


(b) -j= 


(c) Sr 


(d) Sr 


18. In the given figure, two elastic rods P and Q are rigidly joined to end supports. A small mass m ■* 
moving with velocity v between the rods. All collisions are assumed to be elastic and the surface is 
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CHAPTER U Simple Harmonic Motion 197 

giVen to be smooth. The lime period of small mass w m be - ( . _ Brea nf 
y = Young s modulus, L - length of each rod) ' “ of 


cross section,, 


(a) 


B+2xM 

v \ AY 



19 , A block of mass 100 g attached to a spring of stiffness 100 N/m is 
lying on a trietionless floor as shown. The block is moved to 
compress the spring by 10 cm and released. If the collision with the 
wall is elastic the time period of motion is 
(a) 0-2 s (b) 0.166 s (c) 0.155 s 


<d) - 

V 



5 cm | 

lJ 



(d) 0.133 s 


20. A particle executes SUM of period l .2 s and amplitude 8 cm. Find the time it takes to travel 3 cm 
from the positive extremity of its oscillation, [cos * (5/8) - 0,9 rad) 

(a) 0.28 s (b) 0.32 s (c) 0.17 s (d) 0.42 s 

21. A wire frame in the shape of an equilateral triangle is hinged at one vertex so that it can swing freely 

in a vertical plane, with the plane of the triangle always remaining vertical. The side of the frame is 
3 \ 3 m.The time period in seconds of small oscillations 0 1 the frame will be {£ =10 m s > 

(a) (b) n/^3 (c) ^ll W 

22. A particle moves along the v-axis according to x = 4 [1 -rsin «fl. What distance does is travel in 

time interval from f = 0to/ = 2.5 nf<o ? A 

(a) 4 A (b) 6.1 K) ‘ 

23. A small bob attached to a light ** 

( a ) 371/4 (d) 5776 

(c) 27 3 j. a o tii ai 30 rev/min. A distant light causes a 

24. A stone is swinging in a horizontalI cm ht°^ period of the SUM for the shadow of the 
shadow of the stone on a nearly wall The amplitude am , 

stone are , m n 4 m. 2s «« 0 8 ro ' Zs 

(a) 0,4 m, 4s (b) 0.2 m, 2S 

25. Part of SHM is graphed in the figure. Here y is 
equation describing the SHM is 



tc) 0.4 m, 2s 

displacement from mean position. I he correc 
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198 Medianics-fl 


(a) y= 4 cos {0.6 1 } 

(c) y«2sin^-yfj 

26. A particle parfom* SUM with a ^ 


<b) >' = Zsinfj<-jj 

<d) y=2cosfo.6r + |j 


time 


interval during which it travels a distance rt /2 from the extreme posmon 


(a) tialT (b)2 a/T (c)3a/T (d) " !2T 

27. A man of mass 60 kg is ttiidhg en a platlonn executing SHM in the 


A man o. massovng is ... -■ - , f f (m which the ram ^ - 

from the meaji portion vanes as y— 0.5 sin ( 2 ? Vn- ine Vdl - 
weightlessness at the highest point* is (>" in metre) r _ 

(d) 2 n^ 


(a) g>‘4n 


(b) 4irg 


■Jig 

(e, l 7 


28. A particle performs SHM on a straight line with time period T and amplitude A. I he average speed 
of the particle between two successive instants, when potential energy and kinetic energy become 


same is 

M 


(b) 


4V2 A 


(c) 


2A 


(d) 


i4ia 


T T T 

29. The time taken by a particle performing SHM to pass from point A to B where its velocities are 
same is 2 s. After another 2 s it returns to B. The ratio of distance OB to its amplitude (where 0 
is the mean position) is 

(a) I:V5 (b) (-Jl -1):1 (0 1:2 <d)l:2 V2 

30. A particle is executing SHM according to the equation x - A cos <aA Average speed of the panicle 


7T 


during the interval 0 < / £ - is 

6 to 


(a) 


Sa< 


m 


(b) 


Sa 


CJ> 


(C) 


3 Am 


(d) 


3,40) 


(2 — 1 / 3 ) 


Passage: fO 31 to Q 32) 

A 2 kg block hangs without vibrating at the bottom end of a spring with a force constant of400 N ra. 
The top end of the spring is attached to the ceiling of an elevator ear. The car is rising with an 
upward acceleration of 5 m/s’ when the acceleration suddenly ceases at time f =0 and the car 
moves upward with constant speed (g = 10 m/s") 

31. What is the angular frequency of oscillation of the block after the acceleration ceases? 

(a) 10v2 rad/s (b) 20 rad/s <c) 2 oS rad/s (d) 32 rad/s 

32. The amplitude of the oscillation is 

(a) 75 cm (b) 5 cm (e) 2.5 cm (d) 1 cm 

More than One Correct Options 

1, A simple pendulum with a bob of mass m is suspended from the roof of a car moving with horizontal 
acceleration a 

(a) The string makes an angle often 1 (afg) with the vertical 
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CHAPTER U 


(b) The siring makes an angle of sin 1 


2 . 


J wil h ihe vertical 

(c) The tension in the siring is mja 2 +^7 : 

(d) The tension in the string is m ijg 2 - # 2 

A particle starts from a point !' a. a distance of All Iron, the p051lion 

O and travels towards left as shown in the Unure rr ik. . 

sssS&r ° fc r - 

. ( 2k it 

{a) x - A sin — / + - 

[ 7 6 

(c) X = A cos 
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(H) 


(b) x = 

(d) x = A cos 


3. A spring has natural length 40 cm and spring constant 500 N/ ra . A block ofmass 1 kg is attached at 
one end of the pnng and other end ot the spring is attached to a ceiling. The block is'rekasad from 
the position, where She spring has length 45 cm 

(a) the block will perform SHM of amplitude 5 cm 

(b) the block will have maximum velocity 30 4$ cm/s 

(c) the block will have maximum acceleration 1 5 m/s 2 

(d) the minimum elastic potential energy of the spring will be zero 

4. The system shown in the figure can move on a smooth surface. They are initially compressed by 6 
cm and then released 

fc= 800 Wm 

3fcg 6*9 I 


TC 


(a) The system performs, SHM with time period — s 

(b) The block ofmass 3 kg perform SHM with amplitude 4 cm 

(c) The block of mass 6 kg will have maximum momentum of 3.40 kg m/s 

(d) The time periods of two blocks are in the ratio of I: -J2 

The displacement-time graph of a particle executing SHM is shown in 
figure. Which of the following statements is/are true? 

(a) The velocity is maximum at t - Til 

(b) The acceleration is maximum at / = T 

(c) The force is zero at / = 3T/4 

(d) The kinetic energy equals the total oscillation energy at f = Tt2 
6. For a particle executing SHM, * = displacement from mean position, i= velocity and 

a = acceleration at any instant, then 

(a) .. -x graph is a circle 0» * ■* S ra P' , ls 

(c) (i-,v graph is a straight line (d) a-x graph is a one . 

h The acceleration ofa particle is a = -1 OOx+50. It is released front .t = 2.Here a an a are m 

(a) the particle will perform SHM of amplitude 2 m 

(b) the particle wilt perforin SHM of amplitude !■> m 
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2D0 Medianics-fl 

(c) the particle will perform SHJV1 of time period 0.6.1 s 

(d) the panicle will have a maximum velocity of E5 m/s 

8 , Two particles are performing SUM in same phase. It means that 

(a) the two panicles must have same distance from the mean position simultaneously 

(b) two panicles may have same distance from the mean position simultaneously 

(c) the two particles must have maximum speed simultaneously 

(d) the two panicles may have maximum speed simultaneously 

9. A particle moves along p-axis according to the equation 

y(in cm) =3 sin 100?r/ + Ssin - 50jrr -6 

fa) the particle performs SUM 

(b) the amplitude of the panicle s oscillation is 5 cm 

(c) the mean position of the particle is at y- - 2 cm 

(d) the particle does not perform SUM 

Match the Columns 

1, For the .v-r equation of a particle in SUM along .v-axis, match the following two columns. 

.v = 2 + 2 cos taf 


Column J 

Column II 

fa) Mean position 

(p) i = 0 

(b) Extreme position 

fq) x = 2 

fc) Maximum potential 

Ti¬ 

ll 

k 

2 

energy at 


fdl Zero potential energy at 

(s) Can’t Ectt 


2, Potential energy of a particle at mean position is 4 J and at extreme position is 20 J. Given that 
amplitude of oscillation fs A Match the following two columns. 


Column 1 

Column 1L 

(a) Potential energy at x - — 

2 

(p) i«i 

fb) Kinetic energy at.v = •- 

4 

<q) 16 J 

(<=) Kinetic energy at r ^ 0 

(r) SJ 

fdi Kinetic energy at.r » ~ 

(s) None 


3, Acceleration-lime graph of a particle in SUM is 
columns. 


as shown in figure. Match the following 
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Column 1 

Oisplatcmcnt of particle at /, 
(t>) Displacement of panicle at r, 
<c) Velocity oI'panicle at *, 

I d) Vel ue ity of parti cleat 


v.mr LE.J1 u 

Colunm [[ 

(p> zero 
(q) positive 
(0 negative 
t.s> mas i mu in 


simple Harmonic Motion 2Q1 


Mass of a particle is 2 kg. Its displacement-time equation In SUM is 

x = 2 Sin (4 ti/) 

Match the following two columns for I second time interval 


Column I 

(ai Speed becomes 30 m s 
(b) Velocity becomes ■ 10 m .s 
<0 Kinetic energy becomes 400 j 
ftl) Acceleration becomes ■ |OP m., s : \ nTlc 


Ciilu mri J| 

(p> two times 

(q) four limes 

(r) one lime 



5, x-t equation of a particle in SHM is, 

x=A +6sin xt 

Match the following tables corresponding to time taken in moving from 

Column 11 


Column I 

(a) x = 10 m lox = 4 m 

(bj .t = 10 m to x = 7 m 
(c) j- 7m tov = l m 


(p) |second 

tqi - 1 second 
2 

(ri I second 


td) t= 10 m to.v - 2 tt (s> None 


(SI Units) 


Subjective Questions (Level 2) 

1. A 1 kg block is executing simple harmonic motion of amplitude 0,1 m on a smooth horizontal 
surface under the restoring force of a spring of spring constant 100 N/m. A block of mass 3 kg ts 
gently placed on it at the instant it passes through the mean position. Assuming that the two blocks 
move together. Find the frequency and the amplitude of die motion. 

2, Two particles are in SHM along same line. Time period of each is T and amplitude is A. After how 
much time will they collide if at time / = 0, 

(a) first particle is at .v, = + — and moving towards positive .t-axis and second particle is at 


= - —j= and movtns towards negative x-axis, 

V2 

(b) rest information are same as mentioned in part (a) except that particle first is also moving 
towards negative .r-axis, 

3. A panicle that hangs from a spring oscillates with an angular frequency of 2 rad s. I he spring 
panicle system is suspended from the ceiling of an elevator car and hangs motionless (relative to the 
elevator car) as the car descends at a constant speed o! 1.5 m/s. The car then stops suddenly. 

(a) With what amplitude does the particle oscillate ? 

(b) What is the equation of motion for the particle ? 

(Choose upward as the positive direction) 
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4, 


5. 


6 . 


A 2 kg mass is attached to a spring of force constant MO N m and rests on a smooth horis:^ 
surface A second mass of 1 kg slides along the surface toward the first at 6 m s 

(a) Find the amplitude of oscillation if the masses make a perfectly inelastic collision and ren^ 
together on the spring. What is the period ol oscillation 1 

(b) Find the amplitude and period of oscillation if the collision is perfectly e astic. 

(c) For each case, write down the position x as a function of time Mor the mass attached to ^ 
spring, assuming that the collision occurs at time (= 0. What is the impulse given to the 2 kg 
mass in each case ? 

A block of mass 4 kg hangs from a spring of force constant k = 400 N/m. I he block is pulled down 
15 cm below equilibrium and released. How long does it take the block to go from 12 cm below 
equilibrium (on the way up) to 9 cm above equilibrium? 

A plank with a body of mass m placed on it starts moving straight up according to the law 
y = <?(1 cosw/). wherey is the displacement from the initial position. to= 11 rad s. Find : 

(a) The time dependence of the force that the body exerts on the plank. 

(b) The minimum amplitude of oscillation of the plank at which the body' starts falling behind the 
plank. 


7. A particle of mass m free to move in the x-y plane is subjected to a force whose components are 
F x = - &vand F v = - fa; where k is a constant. The particle is released when / = Gat the point (2.3). 
Prove that the subsequent motion is simple harmonic along the straight line 2_y - 3x = 0. 

8 . Determine the nature] frequency of vibration of the 1 CJQ N disk. Assume the disk doe$ not siip on the 
inclined surface. 




9. I he disk has a weight of i 00 N and rolls without slipping on the horizontal surface as it oscillates 
about its equilibrium position If the disk is displaced, by rolling it counterclockwise 0.4 rad. 
determine the equation which describes its oscillatory motion when it is released. 



10, A solid uniform cylinder of mass 
stiffness k each (figure), Find the 


performs small oscillations due to the action of two springs of 
peno o these oscillations in the absence of sliding. 
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CH ^tRiS Simple Hartnonie Motion ?fn 
11< "*“« r » a Pi. «is ol'spring is l0 ^ A 

Tv 1 " rSmn n , r**r? and 1 • s P “ B SHM of 

Another block of mass ,w = " k g. SS? ™ e 

ongm w,.h velocity 30 cm/s collides with die block 
perromnng SHM at / = 0and gets stuck io it. Calculate ■ 

(a) new amplitude of oscillations, ‘ a 

(b) new equal ion for position of the combined body, 

(c) loss of energy during collision. Neglect friction. 

12 * A is attache to one end of a light inextensibie string passing over a smooth light 

pulle> B and under another smooth light pulley A as shown in the figure The oilier end of the string 
is fixed to acceding. A and li are held by springs of spring constants *. and Jt 7 , Find angular 

frequency ot small oscillations of the system. 





13. In the shown arrangement, both the springs are in their natural 
lengths. The coefficient of friction between /u 2 and m, is p. There 
is no friction between m i and the surface. If the blocks are 
displaced slightly, they together perform simple harmonic 
motion. Obtain 

(a) Frequenc v o f such osci 11 at i ons . 

(b) The condition if the frictional force on block m, is to act in the direction of its displacement 

from mean position. . 

(c> If the condition obtained in (b) is met, w hat can be maximum amplitude of their osetfottons. 

14. Two blocks A and 3 of masses m t =3kgand m , = 6 kg respectively are connected wilheachothcr by a 

spring of force constant * =200 N/m as shown in figure. Blocks are pulled away from each oiln-r >y 
t -km ind then released, When spring is in its natural length k 1 

and"bIocks^u-e tnovi ng towards each other, another ' C ^ * * 

m= 3 kg moving with velocity v 0 = 0.4m/s (towards nj 

before collision and their angular 

(b) veloci^of centre of mass of the system, after collision, 

(c) amplitude of oscillations of combined body. 

(d) loss of energy during collision. 


5 
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204 Mechanics-fF 


15, A rod oftengih /and mass m; pivoted at one end. is Field by a spring 
at its mid-point and a spring at far end. The springs have spring 
constant k . Find the frequency of small oscillations about the 
equilibrium position. 



16. In the arrangement shown in figure, pulleys are light and springs arc ideal, k t . k z ^ k$ and k. 

fiirrp r’nnct ime enrinne / "nlr-t 1 1 m^rinrl Cif tniftll V^FliC-Ell tWsCt NSt I OHS Ot blf^k nf 



oscillations of block of mass n< 


17. A light pulley is Suspended at the lower end of a spring of constant k ,, as shown 
m figure. An inextensible string passes over the pulley. At one end of string a 
mass m is suspended, the oilier end of the string is attached to another spring of 
constant k : . The other ends of both (he springs are attached to rigid supports, as 
show n. Neglecting masses of springs and any friction, find tfce time period of 
small oscillations of mass w about equilibrium position. 



18. Figure shows a solid uniform cylinder of radius H and mass M. which 
is free to rotate about a fixed horizontal axis O and passes through 
centre of the cylinder. One end ofan ideal spring of force constant /is 
fixed and^rhe other end is higned to the cylinder at A, Distance OA is 

equal to j.An inextensible thread is wrapped round the cylinder and 

passes over a smooth, small pulley. A Nock of equal mass M and 
having cross sectional area .4 is suspended from free end of the thread 
The block is partially immersed in a non-viscous liquid of density o 
If in equilibrium, spring is horizontal and line OA is vertical calculate 
frequency of small oscillations of the system. 







if 


19. Find the natural frequency of the system shown in figure. The niilWc 
smooth and massless. 
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CHAPTER 11 Simple Harmonic Motion 205 

A NSWERS 

Introductory Exercise 11.1 

1. 6.0 N/m Z, “■ , ~ 3' 10 -° cm ’ z rad 

A 4 v 

4 , ( 3 ) 15.0 cm (bO 0,726 s (c) 1.38 Hz (d> 1.69 J fe>l,30m7$ 5. 1.4* 10 3 s 

6 . (a) 139 J <b> U s 7, (a) 0.28 s (b) 0.4% 



Introductory Exercise T 1.2 

1, 2^ j- 1 — ~r~v 2 * artc) tncliried t0 vertical at an angleo = tan' 


2. (a) 2n 


8! *(t) 

i liih m 2 " (c) lnlin ' le (d > 2,t £rn 


..f£l 

{J 


away from the centre 


ry&T 


3, The clock will lose 10.37 s 4. 





Introductory Exercise 11.3 

1 . T = 2nJ -| 2. 0.314 s 


3. 


+ m) 


4. 


7? times 


1 . 7 = 2n 


Introductory Exercise 11.4 

\ 


in r 
2 1 2R 


E 


2. 1.4 x 10 s g-cm 2 


Introductory Exercise 11.5 

X, (a) 7.0 cm (b) 6,1 cm (c) 5.0 cm (d) 1.0 cm 
2. (a)li^unit (b) 100 k v 37 units (c) ( 100 ti ) 2 %/37 units. 


AIEEE Corner 


Subjective Questions (Level 1} . , a nN 

1. (a) 2.8 N/m (b) 0.84 s 2. 0.78 s 3. 0.10! m/s. 1.264 m,S 2 . 0.632 N __ 

4. 0.4 s, 0.102 m 5. 0.58 m/s, -0.45 m/s 2 . 0.60 m/s 2 , zero 6. - 7. 9radJcosK 

8. (a) -f- see (b) i sec (0 i sec 9 . 7.2 m 10. (a, eooal <b) ecM 

u* (a) 0.08 m (b) 1.57 rad/s (c)1.97N/s (d) zero (e) 0. . F 2 ,Ff_ 

Jfft i c -a f ^ — 16. fa) , J-r C b > 'wz t c J 

13- (a) If = E 0 74,K = 3£q / 4 (b) x = ^ * 

18 . y ={0.1 m)sin| (4s l )t * Jj 


"• (a,10cm < b)25J ' C) | SeC (d>2 ° Cm < e)4 ' 5J =0 (c)4ra Cd)x . 6 maedx^2m 

la) ‘ ,ad/S (W **- = 161 U ‘ M ™ ‘ 2 £ ‘*7 26 . 0 . 816 28. 0.38 Hz 

22. r. 2 *J^ 23.4s 24. T = 2 kJ- 


20. 3T 


/4 


i'GJW 
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29, Parabola, y = A 1 - 


Objective Questions (Level I) 


1- (a) 

2. (a) 

3. <d) 

11. (d) 

12. (b) 

13. <c) 

21. (b) 

22. (c) 

23. (a) 

31. (a) 

32. (b) 



Assertion and Reason 


1. <d) 

2. (b) 

3. (c) 

Objective Questions (Level 2} 

l> (d) 

2- (a) 

3. <b} 

11. (b) 

12, (c) 

13. <b) 

21. (d) 

22. (c) 

23. (a) 

31. (a) 

32. (0 



30, 2 A 

31 — 
31. 3 

32. (a) 

-2,41 cm 

(b) 0 27 cm 



4. (c) 

5. (d) 

6. (b) 

7. ( 3 ) 

8. (b) 

9. (a) 

10- (d) 

14, (c) 

15. (a) 

16. <c) 

17, (c) 

18 . <d) 

19. (c) 

20. (b) 

24. (a) 

25. (s) 

26, (C) 

27. <b) 

28. (d) 

29. (c) 

30, ( a ) 


JEE Corner 





4, (a) 

5 . <d> 

6. (d) 

7. (Cf) 

8. (a) 

9- (3) 

10. (d) 

4. (a) 

5- (b) 

6. (a) 

7. (0 

8, (a) 

9. (a) 

10. (b) 

14. (c) 

15. (c) 

16. (a) 

17, (C) 

18, (a) 

19. <d) 

20. (c) 

24. (c) 

25. (b) 

26, (c) 

27, <C) 

28. (b) 

29, (a) 

30. [d) 


More than One Correct Options 

1. (a.c) 2. (b r d) 3, (b.c.d) 4. (a.b.c) 5,(b,c) G* (b r c) 7. (b,c,d) 

8, (b.c) 9. (a.b.c) 


Match the Columns 

1. fa) -► q (b) -*■ p,T 

2, (a) -> r (b) s 

3- (a)-> r (b)->p 

4. (a) -> s (b) -+ p 

5. (a) -*■ q (b) -+ p 


(c) p.r (d) -> s 

(c) -+ q (d) —> s 

(c) -> r <d) -> r.s 

(c) 3 fd} -> p 

(c) ** p (d) -»r 


Subjective Questions {Level 2) 

19 11 

1. 0.8 Hz, 0.05 m 2. (a) -- T (b) — r 3. (a) A = 0.75 m (b) x = - 0.75 sin 2t 


4. (a) 14.1 con, 0.44 s (b) 23 cm, 0.36 s (c)x = ±<14.1 cm)stn(l0/2 J).* = ± (23 cm) sin(l Ov‘3 1). 4 M s, 8 N* 

ft Ml _ .W ^ ^ j 

20 


5 . JL s - 0.157 s 6. (a )N = m(g + am 4 cosojf) <b) 8.1 cm 8. 0,56 Hz 9* 6 = 0.4cos (16.16 


10 , 


a j 3m 

7 '2V'T 


11. (a) 3 cm (b)>c = 1C - 3 sin 5f (c)0.135J 12, 


I 






v 1 V*2. 

13 ' 2* ^ ^ ^ "Vfe ~ 

14 fa) 0 2 m/s, 0.1 m/s. 10 r ad/5 (b) Q.l m/s (t owards right) (c) 4.8 cm (d) 0.03 J 

_1 M x6.r-4Jmfi4.i4 

*2^Y4m \ U k % M Y 


15 
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CHAPTER 12 Elasticity 219 


Solved Examples 

Level 1 

Example T A steel wire of length 4 m and diameter 5 mm is stretched by S kg-wt- f ind the incr ease in 
its length, if the Young x modulus of steel is 2 A x 10 i: dyne/cm 

Solution Here, / = 4 in = 400 cm, = 5 mm 

or r=2,5 inm =0.25cm 

f - 5 kg-wt = 5000 g-wt - 5000 x 980 dyne 
A/ = % Y «2.4xiO lz dyne/cm 2 

As Y=r§l 

nr~ A/ 

or y _ H _ (5000 x 980) x 400 

t ir 2 Y ( 22 / 7 ) x (0.25) 2 x2,4x I0 i2 

= 0.0041 cm An-s. 


Example 2 The bulk modulus of wafer is 2 ,3 x 10 ' N/m " . 

(a) Find its compressibility. 

fb) How much pressure in atmospheres is needed to compress a sample of water by 0,1% ? 
Solution Here, B =2.3 x 10 9 N/m “ 


= 23x10 = 2.27 x 10 4 atm 

1.01 * 10 5 


(a) Compressibility = 



_!_- 4,4 x 10 'aim 

2.27 xlO 4 


An*. 


(b) Here, — = - 6.1 % = - 0.001 
V 

Required increase in pressure, 


A P = B x 


Ans- 


;_^1=2.27x|0 4 x 0.001 = 22.7 atm 

l F ) 

Sample 3 a steel wire 4.0 m in length is stretched through 2.0 mm The a oss-sectional 

Vbe is 2,0 mm 2 . If Young s modulus of steel is 2.0 * 10 Wm . Fmt . 

ihe energy density’ of wire. 
d>) the elastic potential energy stored in ihe wire, 

, -j 7 0x lO 

Potior, Here. / = 4 .0m, A/ = 2* 1<T 3 m, A = 2.0* IT 6 1 
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(a) The energy density of stretched w ire 


1 I i * 

i; -- - x stress x strain = - x Y x (strain)" 

2 2 


= -x2.Ox!0 sl 
2 


-3v3 


(2x10 ~ J ) 
4 


V ■ / 

=0.25x 10 5 =2.5x 10 J 5/m 3 
(b) Blastic potential energy = energy density x volume 

= 2.5 x !0 4 x (2-Ox l(T*)x 4.0 J 
= 20x10"’ =0,20 J 


At15, 


A ns. 


Example 4 Find the greatest fength of steel wire dial can hang vertically without breaking. Breaking 
stress of steel = 8.0 x 1 0 s /V fm 2 . Density of steel = 8 .0 x 1 0 ’ kg, m‘ Take g*lQ mis 2 . 


Solution Let / be the length of the wire that can hang vertically without breaking, I hen the stretching 
force on it is equal to its own weight If therefore, ,4 is the area of cross-sect ion ant! p the density, then 


Maximum stress (<? ) = 


weight 


or 




A 

(Alp)g 


Mi - Mil 

V area ) 


/-5a. 


Substituting the values 


/= 


PS 

8,0x10 s 


(8,Ox10 3 X1O) 


;\Q a m 


Aos- 


Example 5 (a) A wire 4 m long and 0.3 mm in diameter is stretched by a force of 100 ,V If extension 
in the wire is 0.3 mm. calculate the potential energy- stored in the wire. 

ib) Find the work done in stretching a wire of cross-section \ mm 2 and length 2 m through 0 .! 

Young s modulus for the material of wire i s 2.0 x 1 0 11 ,V / nr. 


Solution (a) Energy stored 


I 


V = - (stressXstrain){volume) 
2 


or 


V 


■m 


(A!) 


I 


= -Fbl 
2 


= - (t00)(0.3 x! 0 " ? ) 

2 


= 0.0151 


An* 
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Work done = Potential energy stored 



Substituting the values, we have 



2 ( 2 ) 
= 5.0x10 4 J 


Example 6 A rubber cord has. a cross-sectional area 1 turn 2 and total umnetched length 10.0 Cm It is 
stretched to \ 2.0 cm and then released to project a missile of mass 5.0 g. Taking Young s modulus Yfor 
rubber a$ 5,0 x 10 s /V m". Calculate the velocity of projection. 

Solution Equivalent force constant of rubber cord. 

A — (5.0x10^(1.0x10^) 

' / " (0.1) 

- 5.0 x 10 J N/m 

Now. from conservation of mechanical energy, elastic potential energy of cord 

= kinetic energy of missile 


1 , , 1 j 

ijt(d 0 =-fltv 2 

2 2 



= 20 in /s 

Note Following assumptions have been made in this Problem 

(j) k has been assumed constant, even though it depends on the length (J] 


Alls. 


V) k nas oeen ossuineti i'Vnw""'""'-r- >■ . , , lli>rtt „„r in 

(«] The whole of the ehstic potential energ}’ is convert, „g into hnefe onergy of stole. 


Example 

is 8.0 x 10 3 N! m * and initially the density of tend is i J a g cm 
Solution The changed density, P* = “ ^7 



B 
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Substituting the value, we have 


P' = 


2.0 ^ 10 
8.0x10 


p' =1,1.69 g/cm 


Level 2 

Example 1 A light rod of length 2.00 m is suspended from the ceiling horizontally by means at n,a 
vertical wires of equal length lied to its ends. One of the wires is made of sit t / and is at c fuss section 
10 ”' nr and the other is of brass of cross-section 2 x !0 m - hind mis tin position a ong the r at 


which a weight may be hung to produce, 

fa) equal stresses tn both wires 

fb) equal strains on both wires. M , 

Young s modulus for steel is 2 xlO n N nf and for brass is 10 V m 


Solution (a) Given, 


Stress m steel = stress in brass 


i 

Steel Brass > 

4,, 

T$ = ^s_ 

■ 7"s J| J 

D 


'& 


10 


2x10 


As the system is in equi librium, taking moments about D, we have 

T s x = T ft {2- x) 


From Eqs. (i) and <ii). we get 
(b) 

Given, 


From Eqs. (ii) aod (iii). wehave 
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Strain - 


Strain in sled = strain in brass 


r, A S Y S (1x10 } )(2xl0 u ) _ 1 
Ts " 4ir& ’ 
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Example 2 A steel rod of length 6.0 m and diameter 20 mm is fixed between two rigid supports. 
Determine the stress in the rod. when the temperature increases 6>’80°C if 

1 


_ I 

I 

H------H 

8.0 m 

Fig. 12.19 



(a) the ends do not yield 
(h) the ends yield by 1 mm 

Take Y -■ 2.0 X 1 (V’ kg/cm" and a = 12 x 10 l ’ per C 

Solution Given, length of the rod /^6m= 600 cm 

Diameter of the rod d - 20 mm — 2 cm 
Increase in temperature t - 80°C 

Young’s modulus S' =2.0x10*’ kg/cnr 

and thermal coefficient of linear expansion 

a = 12x10 per G 

When the ends do not yield 

C 5 . = stress in the roa 
Let, 1 

Using the relation o = a f S' Rj =(12xll) - )(W *10‘) 

= 1920 kg/cm : 


Ans. 




or compressive strain in the rod, 


stress a 2 




Substituting the values. 


<j, =2=elO ft f 12 x 10 0 “ oGO j 


An 


. mi 1/0 /ctn 
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224 Mechanics-11 

Example 3 A steel rod of cross-sectional area J 6 an 
ami two brws rods each of cross-sectional area 1 0 an 
together support a had of5000 kg as shown in figure. 
Find the stress in the rods. Take >' for steel 
= 2.0 x W 6 kg/cm and for brass = 1.0x1 O' kg/cm 


5000 kg 


3 

oo 


“ 


in- 


1L 


— 


30 cm 


Solution Given area of steel rod 

Area of two brass rods 
Load, 

Y for steel 

Y for brass 


A s -16cm- 
Aft --2x10 = 20 cm 2 
F =5000 kg 
Y s =2,0x10'' kg/cm- 

Y B — 1 . 0 x 1 0 6, kg/cm 2 


Fig. 12.20 


Length of steel rod t s = 30 cm 
Length of brass rod l H =20 cm 

Let ff j = stress in steel 


and 


or 

or 


ufj =stress in brass 

Decrease in length of steel rod = decrease in length of brass rod 


x / T = x /„ 

Ys - Y b 6 

Y s l H 

(Jr = — 

5 t'„ /, ■ 


2.0x10* 20 

-- x-Xtf 

1.0x10* 30 


B 


Now, using the relation, 

or 

Solving I’qs. (i) and (ii). we get 

and 



/j -°s A s +Gb'4 {1 

5000 = n : s x l 6 +a fl x20 

° b ~ I 20.9 kg/cm 2 
° ,v =161.2 kg /cm 2 
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Example 4 A sphere of radius 0,1 m and muss Sir % is attached t f, i E,a sbcity 225 

5.0 w and diameter 10' 1 m. The wire is suspended front 3,22 >■' } r>J a *£*/ U'ir e of 

sphere is ,*.**>/« a simple pendulum, itjmgpaeee the fiZr T rettiini «f « ”»m Vhenthe 

fy °' f "*' « the to"™ 1 1**&* YoUn « '* Modulus o/sieen^wTy'!™* the 

iOfl J m \ i i,, L . __r ' '' ]<i 'W\ 


Jhert 

locity 

-v ''in u j .yyrj j,. jqi t , 

Solution Let V be Ihe extension of wire when the <=r>h„_ 
position. Then, we have " phe “ ls al mean 

/ + A/ + 2 r = S .22 

*■ M=$.22-t~ 2 r 

= 5.22-5 -2x0,1 

~ 0-02 m 

“ Tkt ** tenSi °" lh ' WirC ** m “" *»*. during oscillatjons 


5.2? m 


AT 



r = 


Th\ 


7 = 


M/l 

i’AM Vru : A{ 


f '£* 12.21 


.Substituting the values, we have 


/ 


/ 


T = 


(1.994x HJ 11 )x ax |0.5x IQ •')- x 002 


= 626.43 N 

The equation of motion at mean position is. 


» rnv 

T-mg=——~ 


iiere. 


R = 5.22 /■ = 5.22 0.1 = 5-12 m 
* w = 8 rckg = 25.13 kg 

Substituting die proper values ill Lq. (i), we have 

(25 B)v 2 

f626,43) - (25.13 x 9.8) = 

5.! 2 


Solving this equation, we get v = 8.8 m/s ; 

^temple 5 £ ffjfa fjftg radius R is made of a material of density p and Young > modulus ^ 
rf, R is rotated about its centre in its own plane with angular veloi 1 1\ to, find flu. snn l 

radius 

'*** ^nsiUcran clement/W length ill. Let Tie Ike tension and A the area «t cross-section d 


''ire. 


Mass of dement dm - volume * density 

= A{dl)p 
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226 Mechanics-ll 

The component of I towards the centre provides the necessary 
centripetal force 


IT 


■ m 

sm 

UJ 


= {dm)RbV 




For small angles 
Substituting in Kq. (i). we have 


. 9 0 {dl/R) 
sin --s- = —-— 
2 2 2 


or 


T ■ — = AidDpRvr 
R 

T =iApto 2 R 2 


Let A ft be the increase in radius. 


Now. 


Longitudinal strain 
Y = 


M A{2M 
m = — = —--=- 

I 2 TtR R 
TiA 


<\r;r 


\ R = 


TR {AptarR ~ )R 


or 


AY 


l\R = 


AY 

P » 2 * 3 



Fig, 12.22 


A os. 


Example 6 A member A BCD is subjected to point hods F ., F 2 , FA cwd If m shown in figure'; 
Calculate the force If for equilibrium iffy = 4500 kg y F\ = 45000 kg and F A =13000 kg. Determine 
the total elongation of the member, assuming modulus of elasticity to he 2. \ x 10 1 * kg! cm ", 


25 cm 2 


6,25 cm 2 l 

3 l C 


* 1 


_L_d 

h z: 



t 


— 


t 

t2.5 cm 2 

H p 

120 cm 

n H 

60 cm 

■-H 

90 cm 


Fig, 12.23 


Solution Given 
Area of part AH. 

Area of part BC. 
Area of part CD. 
Length of part AB. 
Length of part BC, 


A f =6.25 cm' 
A 2 =25 cm” 
A 3 - 12,5 cm 2 
/j = 120 cm 
l 2 = 60 cm 
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Length of part CD. / 3 = 90 cm 


Young's modulus of elasticity Y =2.1x IQ* kg/cnr 

Magnitude of the force F, for Equilibrium 


towards left, 


The magnitude of force F 2 


may be found by equating the forces acting towards right to those acting 


F,±F A =F l+ F, 

F 2 +13000 = 4500 + 45000 
F 2 =36500 kg 


A ns. 


Total Elongation of the Member 

For the sake of simplicity, the force of 36500 kg (acting at B) may be split up into two forces of 
4500 kg and .0000 kg. I he force of 45000 kg acting at C may be split into two forces of 32000 kg and 
13000 kg. Now, it wi 11 be seen that the part AB of Ihe member is subjected to a tension of4500 kg, pan BC 
is subjected lo a compression of 32000 kg and part CD is subjected to a tension of 13,000 kg. Using the 
relation, 


A / = — f ^ | with usual notations 


with usual notations 


y { a a 2 



or 


= 0.049 cm 
A / = 0.49 mm 
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Exercises 



AIEEE Comer 


Subjective Questions 

I* A cylindrical steel wire of 3 111 length is to stretch 110 more than 0,2 cm when a tensile iorce of400 
is applied to each end of the wire. What minimum diameter is required tor the wire ? 

y m , = 2.1 x 10 11 N/m* 

2 , The elastic limit of a steel cable is 3.0 x 10 s NVm : and the cross-section area is 4 cm*. Find the 
maximum upward acceleration that can be given to a 900 kg elevator supported by the cable if 
the stress is not to exceed one-third of the elastic limit. 

3. 1 f the elastic limit of copper is LSxlO^N'm 2 . detenu ine the minimum diameter a copper wire can 
have under a load of I 0.0 kg. if its elastic limit is not to be exceeded, 

4. Find the increment in the length of a steel wire of length 5 m and radius 6 mm under its own weight. 
Density of steel = 8000 kg in ' and Young’s modulus of steel - 2 x 10‘ 1 N/irr. What is the energ;. 
stored in the wire ? {Take g - 9,8 m s 2 ) 

5, Two wires shown in figure are made of the same material which has a breaking stress of 
8 x 10 s N/m 2 . The area of cross-section of the tipper wire is 0.006 cm : and that of the lower 

wire is 0,003 cmThe mass m, = 10 kg, nt 2 = 20 kg and the hanger is light. Find the maximum 
load that can be put on the hatiger without breaking a wire. Which wire w ill break first if ilie 

■j. 

load is increased ? (l ake g = 10m/s’) 
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CHAPTER 12 Elasticity 223 

A steel wire find a copper wire of equal length and equal cross-sectional area are joined end to end 
and ilie combination is subjected to a tension, find the ratio ol: 

| copper j sieet 

(a) ihe stresses developed in the two wires. 

fb) the strains developed. (}'of steel =2 kIO 11 N/m 2 and Kof copper = 1.3* 10 s 1 N/m 2 ) 

/. f alctilate the approximate change in density of water in a lake at a depth of400 m below the surface. 

1 ht- density of water at (he surface is 1030 kg/m ' and bulk modulus of water is 2 * ! 0 ' N m . 

ff. A wire of length 3 m, diameter 0.4 mm and Young's modulus 8 * 10 ,w N/ m : is suspended from a 
point and supports a heavy cylinder of volume 10 * m : at its lower end. Find the decrease in length 
when the metal cylinder is immersed in a liquid of density 800 kg/m \ 

9. In laki tig a solid hal! ot rubber from the surface to the bottom of a lake of 180 m depth, reduction in 
i he volume ol the ball is 0.1%. | he density of water of the lake is 1 x 10’ kg/rij ’. Determine the 
value of the bulk modulus of elasticity of rubber, (g = 9.8 m/s’) 

10. A sphere of radius 10 cm and mass 25 kg is attached to the lower end of a steel wire of length 5 m 
and diameter 4 mm which is suspended front the ceiling ofa room. The point of support is 52! cm 
above the floor. When the sphere is set sw inging as a simple pendulum, its lowest point just grazes 
The floor. Calculate the velocity of the ball at its lowest position. = 2 x IQ 11 N/m 2 ) 


11 . A uniform ring or radius fi and made up ofa wire of cross-sectional radius r is rotated about its axis 
with a frequency' v. I f density of the w ire is p and Young’s modulus is Y- Find the fractional change 
in radius of the ring. 


12. A 6 kg weight is fastened to ihe end of a steel wire of un stretched length 60 cm. It is whirled in a 
vertical circle and has an angular velocity of 2 rev/s at the bottom of the circle. The aTea of 
cross-section of the wire is 005 cm 2 . Calculate the elongation of the wire when the weight is at the 
lowest point of the path. Young's modulus of steel = 2 x 10 1 N in". 

U homogeneous block with a mass m hangs on three vertical w ires of equal length arranged 
symmetrical)'. Find Ihc tension of the wires if lire middle wire is of steel and the other two are ol 
copper. All the wires have the same cross-section. Consider the modulus of elasttctty ot steel to be 

double than that of copper. 







c 

s 

c 


m 


A uniform copper bar of density p, length L, cross-sectional J F °^ S **** * “ 

moving horizontally on a frictionless surface with cons an 

(a) the stress at the centre of the wire, 


total elongation of the wire. 
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15. A 5 m long cylindrical slcel wire with «** 2 ^ 0 „ 

and carries a bob of mass 100 kg at the other ■ _ in < i\ c ^ a Kgc - 

temperature of the wire ignoring radiation losse*. ( a „ 3 

1 N/m - ; Density = 7860kg/m J 


(For the steel wire : Young's modulus -2.1x10 
= 420J/kg- < €), 

Objective Questions (Level 1) 




Single Correct Option 

1. The bulk modulus for an incompressible liquid is 

(a) zero (b) unity (c) infinity Id) between 0 and ( 

2. Tile Young's modulus of a wire oflength (Z) and radius (/“) is K If the length is reduced to a[)( j 


radius then its Young’s modulus will be 




(b) r 


(c) 2r 


(d) ay 


3. [he maximum load that a wire can sustain is W. If the wire is cut to half its value, the maximum (bad 
it can sustain is 

W W 

(a) W (b) — (c) — (d) 2 W 

2 4 

4. identify the case when an elastic metal rod does not undergo elongation 

(a) it is pulled with a constant acceleration on a smooth horizontal surface 

(b) it is pulled with constant velocity on a rough horizontal surface 

(c) it is allowed to fall freely 

(d) All of the above 

5. Vessel of J * 10 _jJ m 3 volume contains an oi U f a pressure ofl .2 x 10 5 N/m 2 is applied on it ? then 
volume decreases by 03 x 10 :< m J . Die bulk modulus of oi l is 

(a) 6xI0 ,,J N/m- (b) 4 x 10* N/m 2 (c) 2xlQ ? N/m 2 (d)Ix]0 6 N/m 2 j 

6, A bob of mass i 0 kg is attached to a wire 03 in long. Its breaking stress is 4.8 x 10 7 N /iff 2 . The area 

of cross-section ot the wire is 10 m 2 . What is the maximum angular velocity with which it can be 
rotated in a horizontal circle 1 ? 

(a) * rad/s (b) 4 rad/s (c ) 2 rad/s (d) | rad/s 

7. A uniform steal rod of cross-sectional area A and length L is suspended so that it hangs vertically. 
The stress at the middle pomt oi the rod is 

{a)-pgi (b) -pgl. (<=) P gL (d) None of these 

S. The bulk modulus of water is 2.0 x 10 ’ N/m : . The pressure required lo increase the density of«# 
by 0.1 % is 

(a) 2,0x10 ’ N/m 2 (b) 2.0x IO f, N/m : (c) 2.0x 10 s N/m 2 (d) 2 . 0 x| 0 7 N/m : 

9. The potential energy U of diatomic molecules as a function of separation r is shown in fig** 

identify the correct statement 
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10 . 


? -- - \l r = Qj j 

(b) The force is repulsive only if, | ies be',ween A and „ 

(C) 1 he force is attractive if r lie* between a and T 
(d) The atoms are in equilibrium if/- = qq 

The length of a steel wire is L when the strefefim« t . ■ „ 

The natural length of the wire is 8 orce !S T \ an d k 

fal h?\ + ^: 7 2 

w — — w —-— (c) !211 


T] +T 2 


(b) 

+t 2 


u. 


hj\ , 

r, -r. 


When the stretching force is r 2 , 
hT\ -1 2 T 2 


id) 


A mass m is suspended from a wire. Chance in l. 

stretched to double its length and the same mass is susnend it r T’ U Now the same wire « 

this case will become (it is assumed that elongation in the wir™ tuw^\ * in len ^ lh in 

(a) At (b) 2AI (c) ^7 hm the P ro P<5rtional limit) 

A Uniform metal rod fixed at its ends of 2 mm 2 cross-section is cooled tin 4 l‘C to 20T The 
coefficient of the linear expansion of the rodis!2x IQ- per degree celsius and its Young’s modulus 
of elasticity is 10 N/m . 1 he energy stored per unit volume of the rod is 
I (a) 2SSQi/m ' (b) I500j/m ' (c) 5760J/m 5 (d) 1440 J/m 5 

A rod of length JOOQmm and coefficient of linear expansion a. =10 J per degree celsius is placed in 
horizontal smooth surface symmetrically between fixed walls separated by 1001 mm. The Young’s 
modulus of rod is 10 ! 1 N/m 2 . if the temperature is increased by 20°C, then the stress developed in 
the rod is (in N/m z ) 

(a) 10 5 (b) 10 s (c) 10 7 (d) I0 6 

A uniform elastic plank moves due to a constant force F 0 distributed uniformly over the end face 
whose area is S. The Young’s modulus of the plank is Y. The strain produced in the direction of 
force is 

m'i ( b,4 (0^ 


12 . 


h 


14 . 


2sr 


sr 


SY 


id) 


SY 


JEE Corner 


Assertion and Reason 

Directions : Choose the correct option, . 

(a) If both Assertion ami Reason are true and the Reason ''ofAssertion 

ih) If both Assertion and Reason are true but Reason is not the & ■! 

ic) If Assertion is true, but the Reason is false. 

id) If Assertion is false but the Reason is true. 
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- 

9 


1. Assertion : Sleet is more clastic than rubber. . 

Reason : For same strain, steel requires more stress to be pio ucec 

2. Assertion : If pressure is increased, bulk modulus of ^ i |( meiea. w 
Reason : With increase in pressure, temperature of gas also mcr.a, , 

3. Assertion: F»m fte relation Y - "wee™ to* if length of a wire is double, ft Jr,^ 

AM 

modulus of elasticity will also becomes two times. 

Reason : Modulus of elasticity is a material property. 

4. Assertion : Bulk modulus of elasticity can be defined for all three stales ol matter, solid «*, 

and gas. 

Reason : Young’s modulus is not defined for liquids and gases. 

5. Assertion : Every wire is like a spring, whose spring constant, 

A' * - 
/ 


where / is length of wire. 

Reason ; It follows from the relation 


JC-* 

/ 


6. Assertion : Ratio of stress and strain is always constant for a substance. 

Reason : This ratio is called modulus of elasticity, 

7. Assertion : Ratio of isothermal bulk modulus and adiabatic bulk modulus for a monoatomic 

3' 

at a given pressure is 

C 

Reason : This ratio is equal to y = ——. 


More than One Correct Options 

f. A inctai wire of length L. area ot cross-section A and Young’s modulus Y is stretched by a variable 

force F such that F is always slightly greater than the elastic forces of resistance in the wire. When 
the elongation of the wire is I 

F i 

(a) the work done by F is 


(b) the work done by F is 


2Z 

YAl 1 


{c) the elastic potential energy stored in the wire is 
(d) the elastic potential energy- stored in the wire is 


VA /- 
2L 
YAll 

4 L 


2. Two wires A and B of same length are . W f 

same luigm are made ot same material The figure reoresents the 

versus extension Ax graph tor the two wires. Then : g P 


An evaluation version of novaPDF was used to create this PDF file. 
Purchase a license to generate PDF files without this notice. 

















■.Hi'‘'ll r i Elasticity 233 



(a) The cross sectional area of A is greater than that of li 

(b) The elasticity of B is greater than that of A 

(c j The cross-sectional area of !i is greater than that of A 
fd) The elasticity of A is greater than that of B 

3. A bod> of mass \) is attached to the lower end of a metal wire, whose upper end is fixed. The 
elongation of the wire is /. 

(a) Loss in gravitational potential energy of M is Mgi 
(bl Tire elastic potential energy stored in the wire is -M 'gl 

(cl The elastic potential energy stored in the wire is ^ \fgi 
(d) Heat produced is = Mgi 


Match the Columns 

1. Match the following two columns, (dimension wise) 



Column I 

Column 11 

(a) Stress 

tp> coefficient of friction 

(b| Strain 

(q) relative density 

(c> Modulus of elasticity 

(r) energy density 

(tjj force constant of a wire 

fs) None 


A wire of length /. area of cross scciion A and Young’s modulus of elasticity Y is stretched by a 
longitudinal force h . The change in length is M- Match the following two columns. 


In column I. com*,n ndtos to ewyoption. olherfarters renmm condon t. 

Colonial Column II 


(a) F is increased 

(b) i is increased 

(c) A is increased 
i d i }’ is increased 


(pi i/will increase 
|{q) stress will increase 
lr) \{will decrease 
(s) stress will decrease 
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A nswers i(< 


Introductory Exercise 12.1 

1. Wire B 2. 0.0125 cm 3. 250.2 mm 

AIEEE Corner 


Subjective Questions 

1. 1.91 mm 2. 34.64 m s ? 
5. Load = 14 Kg. fewer string 


3. Diameter, d - 0.912 mm 4. Al - 4.9x 10 5 m. U - 5.43* 10 -5 J 
6. (a) 1 (b) Ratio- i| 7.2.0 kg/m* 8. A/ «2,34»l:& a m 


9. B - 1.76* !0'N m 2 10. v= 3!.23m/s 11. — — 12. 4/- 3.8* 10 m 

13 . r e -2*.r,-*r c <t>)|^ 2 is. 4 563. io 3 «c 


Objective Questions 

1. (c) 2. {b) Z. (a) 4* (0) 

11. (c) 12. (a) 13. (b) 14. (a) 


5. (b) 6. <b) 7. (a) 8. (b) 9. <d) 10. (c) 


JEE Corner 

Assertion end Reason 

1. (a) 2. fc) 3. (d) 4. (b) 5, (a) (d) 7. <c) 


More than One Correct Options 

1. (3,c) 2, (c) 3. (a„c,d) 

Match the Columns 

1. (a) -» r fb) -j. p,q (q) -> r 

2, (a) -*■ pq (b) p (c) -> rs 


(d)->s 
(d) r 
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Solved Examples 

Level 1 

Exampie 1 For ike arrangement shown in the figure, what is the density of oil ? 


oil 



135 mm 


Solution P„ p„ gl = P a + (/ + </)* 


_ p^/ _ 1000.(135) . j 

Poil ■7^-li^TBi e9l6ks/m 


Am, 


Example 2 A solid floats in a liquid of different material. Cany out an analysis to see whether the 
level of liquid in the container wilt rise or fall when the solid melts. 


Solution Let 


M - Mass of the floating solid 

p, - density of liquid formed by the melting of the solid 
p : = density of the liquid in which the solid is floating 


M 


The mass of liquid displaced by the solid is M, Hence, the volume of liquid displaced is — . 

p. 

When the solid melts, the volume occupied by it is —. Hence, the level oT liquid in container will 

Pi 

rise or fall according as 

— > or < — le., pj < or >pi 

P\ Pi 

There will be no change in the level ifp ( = p 2 * hi case of ice floating in water p t = p : and hence, the 
level of water remains unchanged when ice melts, 

Example 3 An iron casting containing a number of cavities weighs 6000 N in air and 4000 A in 
water. What is the volume of the cavities in the casting? Density of iron is 7,87 gkm . 
fake g = 9,8 mis 2 and density of water =10' kg/m' 

Solution Let v be the volume of cavities and Flhe volume ot solid iron. Then. 


V = 


mass 

density 


6 000/9 .8 ' 
7.87x10’ j 


= 0,078 m 
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Further. decree m weigh. = 

16000 - 4000) + 

2000 = (0.078+v)* 10 J * 98 

0.078 + v* 0.2 

v= 0.12 nr \nt 

* 

, . . _ tn „k tK coining d munher of stones If {he stones were mload^ 

Example 4 A boat floating m a water tanks can} mg 

into water, what will happen to the water level . 

Solution Let weight of boat = W and weight of stone = w. fl 

Assuming density of water = 1 gfcc 
Volume of water displaced initially = (w'+ ® 1 

Later, volume displaced =fw+^) <p = density of 

■ 

=> Water level comes down. 

Example 5 Wa» rises in a capillary mbe m a I'eighl of 2.0 cm In another capillary tube ahj 
radius is one third of it. how much the water will rise? 

27 cos 0 


Solution 


h = 


rpg 


, 27 cos 0 

hr =-= constant 


h\r } =ihr. 


PK 

or 


*,- 4 a. 


Substituting the values 


h=mm 


= 6.0 cm 


U 1 


An*} 


Example 6 Mercury has an angle of contact of 120° with glass. A narrow tube of radius 1.0 nun w tide 
of this glass is dipped in a trough containing mercury. By what amount does the mercury dip down in 
(he tube relative to the liquid surface outside. Surface tension of mercury at the temperature of 
the experiment is 0.5 A7m and density of mercury is 13.6* 10 3 kg/m 3 . (Take g = 9.8 m/s 7 ). 

IT cos 0 


Solution 


Substituting the values, we get 


or 


A = 

rpg 

2 x 0.5 x cos 120° _ , 

h ~WM -—;-’ = -3.75x10 m 

iO J x13.6x 10 3 x9.8 

h = -3.75 mm 


An*. 


.Vote More, negative sign implies that mercury suffers capillary depression 
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Example 7 Two narrow bores of radius 3 .0 m« and 6 0 ^* ■ , 

niheapenai both ends. If the L-tube contains water, what is the dif/T “ l0 ^! her ^ form a Unhoped 
of the tube? Surface tension ofwater is 7.3 x \0~ z N/m. Take L ** fn thfi hvo 

of water to be \ 0 3 kg/m '(g =9.8 mis 2 ) °fe ontac < to he zero and density 

foltrtion hpg = A P = ~Zl£9 s ^ cos G 


r i 


or 


Substituting the values, we have 


2 T cos 0 

P g 


r i r 2 J 


h = 


2 * 73 x 10 " x cos 0® ( 6.0 - 


10 3 x 9£ 

= 2,48 x 10" 3 m 
=2,48 mm 


5.0 - 3 t Q \ i 

&.0 x 3.0 J j q 


Ans. 


Example 8 with what terminal velocity will an air bubble 0.8 mm in diameter rise in a liquid of 
viscosity 0,15 N-shn 1 and specific gravity 0.9? Density of air is l ,293 kg/m*. 

►Glutton The terminal velocity of the bubble is given by, 

2 r-(p-a)g 


Vt — 1 


i 


9 ii 

Here. /-= 0,4x JO J m, cr=Q,9xl0 J kg/m\ p = 1.293 kg m r| = 0.i5,N-s/irr 
and g=9.8 m/s’ 

Substituting the values, we have 

2 ^ (0.4 x 1 Q~ 3 ) 3 (1.293 - 0.9x IQ 3 ) x 9 .8 

0,15 


Vj = - X 


or 


= -0.0021 m/s 
v T ^-0,21 cm/s 


Arts. 


te Here negative sign implies that the bubble will rise up . 

ample 9 A spherical hall of radius 3.0x 10 _J hi and density 10 4 kg/m’ jails freely under ip-ariiy 
rough a distance h before entering a tank of water. If after entering the watei the ■< oat} a t 
>es not change, find h. Viscosity of water is9.S x 10 1 A -s/m . 

ution Before entering the water the velocity of ball is ^2gh^ a1ter enkl mg lhe "‘ lKr ^ 

■s not change then liiis value should be equal to the terminal velocit) 

v 9 T| 
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h = 


2 r (p- q te 

2 Ap - vfz 


'81* 


n 


2 nxlO-^^OO 4 - 10 J r *9 .8 
"SI* — 

a 1.65 X 10 5 rn 




Level 2 

Example 1 4 half (hat of water falls freely under gravity from a height of\U,, 

and then enters water. Upto what depth will (he ball go. How muck time will it take to come again totht 
water surface? Neglect air resistance and viscosity effects in water, (Take g =9.8 m/s ) 


Solution v = ijlgh - ^2x9.8* 19.6 = 19.6 m s 

Lei p be the density of ball and 2p the density of water. Net 
retardation inside the water. 

upthrust - weight 


J jgi 




a = ■ 


mass 

= vwg-n pH*) 

V(p)g 

=g -9,8 m/s 2 


(f 7 = volume of ball) 




I 


fr= 19.6)4 

* 


Fig, 13,64 


Hence, the hall will go upto the same depth 19,6 m below the water 
surface. 

Further, time taken by the ball to come back to water surface is. 


'= 2 f-W—1 

UJ l 9-8 J 


= 4s 


Asfc 


AnS' 


Example 2 A block of mass I kg and density 0,8 g/tm l is held 
stationary with the help o f „ string as shown in figure. The tank is 
accelerating vertically upwards with an acceleration a = 1.0 m/s 2 
Find: 

(a) the tension in the string. 

(b) if the string is now ad find the acceleration of block. 

(Take g = I 0 tn/s 2 and density of water = | Q J kg/nd). 



Fig. 13.65 
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Solution (a) ftw body diagram ofihc Mock is thuwn in Fi 
i n the figure, 
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% n,66 


F = upthrust force 
~ (g + a) 
f mass of b lacky \ 
density of block f* + 

i ^](10OOX]0Ki ) ^ 7SN 


1 

/ 


W = mg = ION 

Equation of motion of the block is, 

F-T-W^ 

13,75 -F -10 = |x I 
7-=2.75 N 


(b) When the string is cut T = 0 


a = 


F-w 


m 

_ 13.75-10 
I 

= 3.75 m/s 1 
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1 


r 


w+ r 

F ig, 13.66 


A ns. 


Ans. 


Example 3 A fresh water on a reservoir is 10 ni deep. A 
horizontal pipe 4.0 cm in diameter passes through the reservoir 
6.0 m below the water surface as shown in figure, A plug secures 
the pipe opening. 

(a) Find the friction force between the plug and pipe wail. 

(b) The plug is removed. What volume oj water flows out of 
the pipe in 1 h? Assume area of reservoir to be too forge. 



Fig. 13.67 


Solution 


(a) 


Force of friction 

= pressure difference on the sides of the plug * area 

- (pg*M = ( |0 ' )(9-8)(b-0X*X2x 10 ) 


of cross section oi the plug 
Ans. 


= 73.9 N 

(b) Assuming the area of the reservoir to be too larg 
Velocity of efflux ir=V2£A-constant 

v = j27^876 = l0 - 84,n ' S 
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Volume of water coming out per sec. 


i 

} 


!SL=Mv 

df 


= 7I (2* iO- 2 )"(l«^) 

= 1.36* KT 2 m’Vs 

/. The volume of water flowing through the pipe m I h 

HS> 

= (1.36 x ICT 2 )(3600) 
= 48.9(3 in ' 


Example 4 The U-iubeacts as a water siphon. The head 
iii the tube is 1 m above the water surface. The tube outlet 
is 7 m below the water surface. The water issues from the 
bottom of the siphon as a free Jet at atmospheric 
pressure. Determine the speed of the free jet and the 
minimum absolute pressure of the water in the bend, 
(liven atmospheric pressure = 1-01x10' A ! m ‘, 
g = 9,8 m/s 2 and density of water = 10' kg/m'. 


Ans. 





3m 


Solution (a) Applying Bernoulli's equation between points (1) and (2) 

P ] + - pvf + pgh x = P 2 + i pv; + pgiu 

Since, area of reservoir » area of pipe 

vj - 0, also P , =P 2 = atmospheric pressure 

So ’ v 2 =VW '1 - T h ) = JT/ 9.8 X 7 = 1 1.7 m/s Aos. 

pressure in "* bel,d *® be - A. Therefore, applying Bernoulli's «*** 


between ( 1 ) anti (A) 


p \ +^P V V +P glh=P A + r pv\ + 


a ’ r 2 VV * + P«A| 


Again, v f ^Oantl from conservation of mass v , = 


or 


~ P i + P^[ ~^a)~z pVj 


Therefore, substituting the values, we have 
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/V = CI.OU10V 0000)(9.8)(-1) - i x (10 oo K i, , 7) i 2 
=2,27 x 10 4 N/m" 

Ans. 

Example 5 A wooden rod weighing 25 N is mounted on a hinge 

hem the f ree SHr f aee °? mj!er as the rod is 3 m hug and 

uniform in cross section and the support is 1 ,6 m below the free 
surface. At what angle a. will it come to rest when allowed to drop 
from a vertical position. The cross-section of the rod is 1 * 

9.5 * HI' 4 m 2 in area. Density of water is 1000 kg/m\ Assume 
buoyancy to act at centre of immersion, g = 9.8 m/s 1 . Also find the 
reaction on the hinge in this position. 

Fig. 13.S9 

Solution Let G be the mid-point of.-J/J and E die mid point of AC (i.e., the centre of buoyancy) 

AC =1.6 cosec a 



Volume of AC = (1.6 * 9.5 x 10 4 ) eosec a 
Weight of water displaced by AC 

= (1.6x9,5 x IQ’ 4 x 10 3 x9.8)cosec a 

=14,896 cosec a 

Hence, the buoyant force is 14,896 cosec a acting vertically 
upwards at E. White the weight of the rod is 25 N acting vertically 
downwards at G. Taking moments about A. 

(14.896 cosec a) [AE cos a) - (25}(AG cos a) 

.6 cosec a 



1.6 m 


Fig. 13.70 


or 


(14.896 cosec 


fl.< 
a)| — 


‘ 25x f 


or 


or 


sin 2 a = 032 

sin a = 0.56 
a = 343° 


Ans. 


Further, let F be the reaction at hinge in vertically downward direction. Mien, 
translator/ equilibrium of rod in vertical direction we have. 



F + weight of the rod — uptluust 
F - upthrust - weight ol the rod 
= 14,896 cosec (34.3°) -25 
=26.6-25 

F = 1.6 N f down wards) 


Ans. 
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. r ,U n 004 m and 0.002 m) formed of the .tame liquid fy Ur * 

Example 6 Two separate air bubble* ia ', f bubble, find the radius ami the sense ofcurvatj^i 
tension 0.0 7 N/m) came together to form a double totnme. u, u , eof 

the internal Jilm surface common to both the es. 

Solution P i ' F ° + "r7 

„ 4r 
P, = Fo ^ — 




r 1 <r l 

P 2 >P V 

U. pressure inside the smaller bubble will be more. The excess pressure 

F=J%-F } 

l W 



■4 


This excess pressure acts Irom concave to convex side, the interface will be concave towards smaller 
bubble and convex towards larger bubble. Let R be the radius oi inten lace then. 


P 


4 T 
R 



Prom Eqs. (i) and (ii) 

ft r ] r 2 _ (0-004 )(0,002) 
~ r, - r 2 " ((X0M - 0.002) 


= 0.004 m Ans, 

Example 7 Under isothermal condition two soap bubbles of radii and r 2 coalesce to form a single 

bubble of radius r The external pressure is Find the surface tension ofthe soap in terms of the given 

parameters. 

Solution As mass of the air is conserved, 

= n (as PV - wffJl 




P \ V \ ! P 1 V 1 PV_ 

RT, rt 2 rt 
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As temperature is constant 


f, = r, = T 
i\i\ + p 2 y 2 -py 



Solving, this we gel 


Nofe To avoid confusion with i h r* tentperaMre surface tension heni is represented bv S. 

Exa triple 8 A eylfiidrical lank of base area A has a small hole of area a ' at the bottom l At time t = 0, a 

tap starts to supply water into the tank at a constant rate a in - s. 

(a) what is the maximum level of water h maym in the tank / 

(h) find the time when level of water becomes hf< h mas ). 

Solution (a) Level wiU be maximum when m 

, i f— _ Rate =«-g 

Rate of inflow of water = rate of outflow of water 


or 




a - av 



(b) Let at time t. the level of water be h. 1 hen. 


Fig, 13,73 


or 



Solving this, we get 



An evaluation version of novaPDF was used to create this PDF file. 
Purchase a license to generate PDF files without this notice. 





















E XERCISES 


AIEEE Corner 

Subjective Questions (Level i) 

Upthrust 

L A block of material has a density p 3 and floats three-fourth submerged in a liquid of unknown 

4 

density. Show that the density pj of the unknown liquid is given by p, - — pj. 

2. A metal ball weighs 0,0% N. When suspended in water it has an apparent weight of 0,071 K Find 
the density of the metal, 

A. A block or wood has a mass of 25 g. When a 5 g metal piece with a volume of 2 cm is attached tit 
the bottom of the block, the wood barely floats in water. What is the volume V of the wood? 

4. A block of wood weighing 71,2 N and of specific gravity 0.75 is lied by a string to the bottom ofa 
lank of water in order to have the block totally immersed. What is the tension in the string? 

5. What is the minimum volume ofa block of wood (density = S50kg m 3 ) if it is to hold a 50 k» 
woman entirely above the water when she stands on it ? 

6. An irregular piece of metal weighs 10.00 g in air and $.00 g when submerged in w ater. 

(a) Find the volume of the metal and its density. 

(hi If (he same piece of metal weighs 8.50 g when immersed in a particular oil, what is the den sin oi 
the oil ? 

7. A beaker when partly filled with water has total mass 20.00 g. If a piece of metal with density 
5.00 gem and volume 1.00 cm is suspended by a thin siring, so that it is submerged in the wateT 
hut does not rest on the bottom o£ the beaker, how much does the beaker then appear to weigh iritis 
resting on a scale? 

fi. A tankcovinswater on top of mercury. A cube oliron, 60 mm along each edge, is sitting uptight 
m equilibrium in the liquids. I ind how much of it is in each liquid. The densities onion and 
mercury are 7.7 x I O’ kg/m’ andi3.fi x |0 J kg/ m J respectively. 


Waier 
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9. 


Jft- 


A small Mock of wood, of densHy 0.4»10 * k g ,m >. is submerged in ^ a. a depfo of 2 0 _ 
Find; 

(a) die acceleration of the block m ard the surface when the block is released and 
(h) the time for the block to reach the surface. Ignore viscosity. 

A uniform rod AB, 4 in long and weighing 12 kg J s supported at end A, with a 6 k* lead wetta at B 
The rod floats shown m hgure with one-half of its length submerged. The buoyant force on the 
lead mass is negligible as it is of negligible volume. Find the tension in the cord and the total 
volume of the rod. 



I ] r A solid Sphere of mass m =2 kg and density p = 500kg/ re is held 
staltpnarv relative to a tank filled with water. The tank is accelerating 
upward with acceleration 2 m s 2 . Calculate t 

(a) Tension in the thread connected between the sphere and die 
bottom of the tank. 

(b) l f the thread snaps, calculate the acceleration of sphere with respect to the tank. 
I Density of water =1000 kg m \ g -10 m ■ s ] 



Pressure and Pascal s Law 

. - iym w for which k 60 N in and the area of the piston is 

12. The pressure gauge shown in figure has a spring ror wmtn 

oW. m righi end is connected to a Cosed »£-* 

fares ill the spring be compressed ifthe region coma, mn S the sprmgts let 

the atmosphere'? Atmospheric pressure is 101 kl a. 


/ Piston 


Spring 

—A/WV 



Area = A 


* 

W IJ. A small uniform tube is ben. inro a circle of radius r whose plane ,s 
vertical. Equal volumes of .wo Holds whose denstues ^P^- 
fill half the circle. Find the angle that the radius P< - - 
interface makes with the vertical. 
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jt . it>.i rvlillder OH the lefts S! 3 mass of f)00 

14, l or the system shown m figure, the ^ v tiascross Sec tmnal a 8 an d 3 

cross-sectional area ofSOO cm ; . The piston on Utc rtglth - S *-S-«**™> a „ d 

negligible weight. Ifthe apparains is filled with oil (p =0.78 gA.ni ), what the iorce Ettquj^ 

hold the system in equilibrium ? 



15. A U-tube of uniform cross-sectional area and open to the atmosphere is partially filled 
mercury, Water is then poured into both amis. If the equilibrium configuration of the tube is as 
shown in figure with h : = 1.0 cm, determine the value of A,. 


i 

I* 




ill] 


> 



L 


v 


J 


16. dter stands at a depth h behind the vertical face of a dam. It exerts a resultant horizontal force on 

the dam tending to slide it along its foundation and a torque tending to overturn the dam about the 
point O. Find : 



17. 


(a) horizontal force, 

(b) torque about 0, 


(c) the height at which the resultant force would have to am ,u 

, MdVC 10 to produce the same torque, 

/ = cross-sec (tonal length and p = density of water. 

A (T-shaped trie open to the air at both ends contains some mercury. A quantity of water is 

carefully poured into the left a™ of the-U-shaped tube until the vertical heiqht of the water column 
is 15.0 cm. * 
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{a} What is the gauge pressure at the water mercury i T 
{ ) aiculate the vertical distance h from the top of the 


the top of the water in the left-hand arm. 


mercury interface 7 


mercury in the right hand arm of the tube to 


Water 



Mercury 


IS, \\ ater and oil arc poured into the two limbs ol a U-tube containing mercury. The interfaces of the 
mercury and the liquids are at the same height in both limbs. 

Determine the height of the water column if that of the oil fh =20 cm. The densilv of the oil 
is 0,9. 



\ 


19. Mercury is poured into a U-tube in which the cross-sectiotiaI area of the left-hand limb is three 
times smaller than (hat of the right one. The level of the mercury in the narrow limb is a distance 
/ = 30 cm from the upper end of the tube. How much will the mercury level rise in the right-hand 
limb if the left one is filled to the top with water ? 

Fluids in Motion 


20 Water is flowing smoothly through a closed-pipe system. At one point the speed of the water is 
join's while at another point i.0 m higherihe speed is 4.0 m/s. If the pressure is 20 kPaaithe 
lower point, what is the pressure at the upper point ? What would Ihc pressure at the upper po.m be 
ir.h„ water were to Slop flowing and [he pressure at the lower point were 18 kPa ? 



liquid isp. 
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290 Mechanic $-11 

23. When air of density 1.3 kg/ in’ flow, across .he <«P of*e tube shown in the woo**, 
water rises in the tuba to a height of 1.0 cm. What is <ha speed ot the * . 



24* I’he area of cross-section of a laTge tank is 0.5 m ", It has an opening near the bottom having area Qf 
cross-section I cm \ A load of 20 kg is applied on the water at the top. Kind the velocity of the water 
corning out of the opening at the time when the height ol water level is 50 cm above the bottom 
(Take 10 m/s 2 ) 

25, Water flows through a horizontal tube as shown m figure . If the 
difference of heights of water column in the vertical tubes is 2 cm 
and the areas of cross-section at A and B are 4 cm 2 and 2cm" 
respectively. Find the rate of flow of water across any section. 

26, Water flow's through the tube as shown in figure. The areas of 
cross-section of the wide and the narrow portions of the tube are 5 cm ~ 
and 2cm : respectively. The rate of flow of water through the tube is 
500 cm 7s, Find the difference of mercury levels in the U-lube. 

Viscosity and Surface Tension 

.Note ) Poise = 0,1 N-s'ra 2 and | PI = 1.0 Wni 2 . 

27. A typical ri verbome silt particle has a radius of 20 pm and a density of 2 x 10 kg/ m '. Hie viscosity 

ol water is 1,0 tnPI. Find the terminal speed with which such a particle will settle to the bottom of | 
motionless volume of water. 



28. What is the pressure drop (in mm Hg) in the blood as it passes through a capillary 1 mm long and 
2pm in radius if the speed of the blood through the centre of the capillary' is 0.66 mm> ? 
(The viscosity of whole blood is 4 x 10 -3 PI), 

29. I wo equal drops of water are tailing through air with a steady velocity v. If the drops coalesce 
what will be the new velocity ? 

30. A long cylinder of radius R is displaced along its axis with a constant velocity w 0 inside a stationary 
co-axial cylinder of radius R>. The space between (he cylinders is filled wiih viscous liquid- M 
Hie velocity of the liquid as a function ofthe distance r from the axis of the cylinders. The flo" 6 
laminar. 
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CHAPTER 13 Fluid Mechanics 281 

31. A large wooden plate of area 1 o m 2 fl oa y n . 

with a speed of 2 m/s by applying a ta„ge#di tea ^.° f "T «• »»de move boriaomallv 
vviili Hie bed is stationary, find the tangential force 1 j T ' S ™ 3, ’ d "' e waKr “ «"*» 

viscosity of water at the temperature of the riv«- - ,*-* ° keeplt,e p!ale moving. Coefficient of 

v s j v trr = iu poise. 

32. The velocity of water in a river is 18 km/h . , 

shearing stress between the horizontal lavere^f ullT t?‘ '* h 5 m deepT find lhc 

- io -! poise, ' aIer ’ T te coefficient of viscosity of water 

33. Water rises tip in a glass capillar upto a heinht of 0 ft «.kli > 

,, . ■, wiyn ot j.u cm + tvhtig mercurv fa s down b\ 3 4 cm in 

the same capillary . Assume ant es of contact r rt r w,, , . ' ■ J ’- unm 

- in/ . , s * ol comau water glass and mercury class 0* and 

respectively. Determine the ratio of surface tension of mercury and water (cos 135’ = -0/m 

34. ! wo equal spherical bubbles of radius a each coalesce to form a spherical bubble of radius b. If P is 
the atmospheric pressure, show that the surface tension of the bubble is ~^) 

' 4(b 2 -2a 1 )' 

35. A lube of insufficient length is immersed in water (surface tension ^0.07 N/m) with 1 cm of it 
projecting vertically upwards outside the water. What is the radius of meniscus ? Radius of 

tube =1 min. 

36. A glass capillary sealed at the upper end is of length 0.11 m and interna! diameter 2 >. 10 J in. The 
tube is immersed vertically into h liquid of surface tension 5.06 x 10" ■ N m. 

To what length lias the capillary to be immersed so that the liquid levels inside and outside the 
capillary become the same ? What will happen to the water levels inside the capillary if the seal is 
now broken'? 

bjective Questions (Level 1) 

Single Correct Option 

3, When a sphere falling in a viscous fluid attains a terminal velocity. then 

(a) the net force acting on the sphere is zero 

(b) die drag force balances the buoyant force 

(c) the drag force balances the weight ol the sphere 

(d) the buoyant force balances the weight and drag lorcc ^ 

2, Which one of the following represents the correct dimensions of the qmnti.v : * = -, «•“* 

i] = coefficient of viscosity and f> = the density of a liquid^ ^ ^ p^o^T' 1 ] 


(a) [ML^T 1 ] (b) [ML* "T \] 


3. Viscosity ofliquids independent of tcmpcfati<r e 

(a) increases with increase in tempcraiuie . decreases with increase in temperature 

(0) decreases with decrease in temperature W *« ^ „ |on „ , slng ,c bubble under 

4. Two soap bubbles in vacuum of ra 1US bubble is 

"l conditions, Then the red,us of bigger bubble 
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292 Mechanics'll 

(a) 7 cm 


(b) ycm 


(c) 12 cm 


(d) 5 


cm 


>. A capillary lube is dipped in a liquid. Lei pressures at points A, IS andt be P Ai p & ^ ^ 


respectively then 


B 


6 . 


(a) P A = P B =P C (b) P A =P B <Pc C c > p a - Pc < p B < d) p a ~ p c>P R 
A small ball (mass /») tailing under gravity in a viscous medium experiences a drag f m 
proportional to the instantaneous speed u such that /■ j ra g -ku. Then the terminal speed of ball 
within viscous medium is 


, \ * 
(a) — 

mg 


(b)^ 

k 



(d) None of these 


Fraro 


7. A thread is tied slightly loose to a wire frame as in figure and the frame is 
dipped into a soap solution and taken out. The frame is completely 
covered with the film. When the portion A is punctured with a pin, the 
thread 

(a) becomes concave towards A 

(b) becomes convex towards A 

(c) either (a) or (b) depending on the size of A with respect to B 

(d) remains in the initial position 

8. 1 here is a small hole at the bottom of tank filled with water. If total pressure at the bottom is 3 atm 
(I atm = 10" Nm 2 ), then velocity of water flowing from hole is 
(a) 7400 ms -1 



Th.reaa 


(b) v 600 ms J (c) 760 ms 1 (d) None of these 

9. A steel ball of mass m falls in a viscous liquid with terminal velocity v, then the steel ball of mi® 
8 m will fall in the same liquid with terminal velocity 

^ v 4v (c) 8v (d) lb72> 

10. A liquid flows between two parallel plates along the x-axis. The difference between the velocity of 
two layers separated by the distance *is dv. If A is the area of each plate, then Newton’s W* 
viscosity may be written as 

. & 

(d) f=+tv<^ 


(a) F ~- j\A~ 
dx 


(b) F = + y\A — 
dx 


(c) F=-r\A — 
dv 


11. The work done to split a liquid drop of radius R into A identical drops is (take a as the su 
tension of the liquid) 

(a) 4nR : (N } 3 -l)a (b) 4nR 2 Nu (c) 4kR 2 (N 1/2 - [) (d) None of these 


rfacf 
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1 2. Two soap bubbles ofdifferem radii R. and R, k j? > rft , 

radius * as shown in figure. The correct value of * is '' 10t0nn * n inierfet * of (^YT^ 

WJiUteft. 

2 


(c) j_ = J_1_ 

' R R , /f, 


<d) -L=J_ + J_ 


•ssasjsssssj--. 


(■) -I 




e 


(b) 



<e) J 


' ,i. 


(d‘) None of these 


IS. 


16. 


The terminal velocity of a rain drop is 30 cm/s. If the viscosity of air is l.SxlO 1 Nsm \ The 
radius of rain drop is 

(a) l pm tb) 0,5 mm (c) 0.05 mm (d) 1 mm 

If a capillary tube is dipped and the liquid levels inside and outside the tube are same, then the angle 

of comae, is («) 45” (d) Canno, be atoned 

Uniform spend of 2 cm diameter ball is 20cm/s in a viscous liquid. Then, the speed of 1 ™ 
diameter ball in the same liquid is 


(a) 5cms - w ' ' 5 

The height of mercury' barometer is h when the atmospheric pressure is 10 
The pressure at x in the shown diagram is 


(b) I Gems 


-t 


(c) 40cms 


.-i 


(d) 80cms 


17. 


(a) 10 s Pa 

(b) O.SxlO 5 Pa 

(c) 0.2x10 s Pa 

(d) 120x10 s Pa 
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-ihird volume above the surface. Hie same body Hows rnali^ 


1 & A body floats in water with its one —. . 

with one third volume immersed. The densit) o U*^ times more than that of water 


\ .5 times more than tit at of water 


19. 


(a) 9 times more than that of water 

fc) 3 times more than that of water ^ , , 

A piece of ice is floating in a beaker containing thick sugar so utm * L l0 ® me ^ the 

total love! ot the liquid (c) Tema iunchanged (d) insufficient data 

(a) increases (b) decreases w 

20. A body floats ill completely immersed condition iti wateras s ° ^ . _f l' 

the whole system is allowed to slide down freely along t re me me s - * 

magnitude of buoyant force 

(a) remains unchanged 

(b) increases 

(c) decreases 

(d) becomes zero 

Z J . The figure represents a U-mbe ot uni form cross-section li lied w ith tw o 
immiscible liquids. One is water with density and the other liquid is 

of density p The liquid interface lies 2 cm above the base. E he relation 
between p and p„. is 

(a) P S P„ 

(hi p = t.02p„ 

(c) p = i.2p h 

(d) None of the above 

22, For the arrangement shown in figure, initially the balance 
A and B reads F, and F 2 respectively and F i >F 1 . Finally 
when the block is immersed in she liquid then the readings of 
balance A and B are j\ and / 2 respectively. Identify the 
statement which is not always (where F is some force) correct 
statement 

(a) /, > ft 

(b) F, “F>F, +F 

(c) f x +f 2 =F, + F 2 

(d) None of the above 



m 
















T -J 





Initial 


Final 


23. When a tap is dosed, the manometer attached to the pipe reads 3.5 x 10* Nm 2 . When I he tap is 
opened, the reading of manometer falls to 3,0 x 10 ? Nm " 2 . The velocity of water in the pipe is 
(a) OJ ms 1 (b) 1 ms 1 (c) 5 ms" 1 (d) 10 ms" 1 

24. A balloon of mass Mdescends with an acceleration . The mass that must be thrown out in order 

give the balloon an equal upward acceleration will be 


(a) 


Mi,, 


<b) 


2Mq ( 

n 


<C) 


2 Ma { 


(d) 


Si {g + n 0 ) 


£ £ g + ct Q 

2$. The hydraulic press shown in the figure is used to raise the mass M through a height of 0.5 cm 
perform ing 500 J of work at the smal I piston. The diameter of the large piston is! 0 cm, while that 0 
the smaller one is 2 cm. The mass M is 
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t3Moaks <b|10 ^ g »«*£ (d)I0 * ke 

26. When equal volumes of two substances are mixed the S 

equal weights of the same substances are mixed ih ■ "r 8ravi ? ofthe TnixlUr c is 4. When 

specific gravities ofthe two substances could be < S P { - U,IC gravity of the mixture is X The 

/al fi and 2 fbl 3 anri d / ^ * . 

(d) 5 ami 3 


cqyaj vm ^ujl^ fruuMdiices are ntixe. 

specific gravities ofthe two substances could be 

(a) 6 and 2 (b) 3 and 4 ms -w ,„j - 

- . * C J 4.5 and 3.5 Mi 5 and * 

27. A block oi ice of total area/f and thickness 0,5 m . 1 ‘ 

of mass 100 kg. the area A should be (the specific g|vitytf ^0.9)^ 


-- (c) 2222m 1 (d)20xio J m 2 

piece of gold (p - I9,jg ent ) has a cavity in it. It weights 38.2 g in air and 36.2 g in water. The 

>lume of the cavity in gold is 



(a) 2.2 m- 
28. A r 

volume of the cavity in gold is 

I (a) 0.2 cm 3 (b) 0.04 cm ' (c) 0.02 cm 3 

>9. Water stands at a depth D behind the vertical upstream face of a 
dam as shown in the figure. The force exerted on the dam by water 
per unit width is 


(d) 20 x I0 J m 


^ 2 


<d) 0.01cm 


(a) 


(b) -pgD 2 



(c) ~pgD 


<d) ~(f>gDr 


30. Tile volume of a liquid /lowing per second out of an ori ficq at the bottom of a tank does not depend 
upon 

(a) the height ofthe liquid above the orifice (b) the acceleration due to gravity 
(c) the density of the liquid (d) the area of the orifice 

31. A human heart pumps out 60 inL of blood at an average pressure of 100 mm of mercury and makes 
72 heart beats per minute. Its pumping power is 

(a) 0.98 W (b) 1,96 W (c) 0.49 W (d)1.47W 

32. The pipe shows the volume flow rate of an ideal J iquid at certain time and its direction, W hat is the 
value of Q in m Vs (Assume steady state and equal area of cross section at each opening) 


(a) tOxKT* 




2x10-Ws ** «*-■"* 

h 


4 4 t 

4 x 10’ s m 3 /s 8 x 10- Q 


10" 


(b)llxHT* (c) 13x10' 


(d) 18* 10 -6 
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side of the cube is equal to 
(a) (4M/3p) 2; • 

(c) {MiAor * 



(b) {MOpf* 

(d) None of these 






34* Water rises to & height of 10 cm in a certain caj 
mercury The level of mercury is depressed by . 
contact for water in contact with glass is 0" a 


surface tension of water to that of Hg is r ji , 

(a) 1 ; 3 (b) I : 4 fr) I = 5 ' 5 ^ 1 ' ^ 

35. A capillarv glass tube records a rise of 20 cm when dipped in water. When the area of cross, section 
of the tube is reduced to half of the former value, water will rise to a height ol 

(a) torero (b) 10 cm <«> 20 cm (d) 20V2 cm 

36. A evlindrical vessel open at the top is 20 cm high and 10 cm m diameter. A circular hole ol crass 
sectional area lem 2 is cut at the centre of the bottom of the vessel. Water flows from a tube above it 
into the vessel at the rate oflOcm Vs. The height of water in the vessel under steady state is 

(Takeg -10m/s 2 ) 

(a) 20 cm (b) 15 cm (c) l Ocm (d) 5 cm 

37 . A horizontal pipeline carries water in a streamline flow. At a point along the tube where the cross 
sectional area is 10" 2 mthe water velocity is 2 m/s and the pressure is 8000 Pa. The pressure of 

water at another point w here cross sectional area is 0.5 x 10 * m “ is 

(a) 4000 Pa {b> I GOO Pa (c) 2000 Pa (d) 3000 Pa 

38. Elgin spherical rain drops of the same mass and radius are falling down with a terminal speed of 
6 cms _ V If they coalesce to form one big drop, what will be its terminal speed? Neglect the 
buoyancy due to air 

(a) f.5cms _l (b) 6cms _l (c) 24cms'’ (d) 32cm$ -1 


JEE Corner 


Assertion and Reason 

Directions : Choose the correct option, 

(a) If both Assertion and Reason are true and the Reason is correct explanation of the Assertion. 

(b) If both Assertion and Reason are true but Reason is not the correct explanation of Assertion. 

(c) If Assertion is true t hut the Reason is false , 

(d) If Assertion is false but the Reason is true. 

I , Assertion : Pressure is a vector quantity. 
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2, Assertion : Surface tension f T = L ) \» n „. 

^ 1 J is not a vector quantity. 

Reason : Direction offeree is specified. 

J. Assertion : Ai depth 7i' below the w ater <;uhw 

2 P. (Ignore density variation). ' pressure isP. Bren at depth '2h' pressure will be 

Reason : With depth pressure increases linearly. 

4. Assertion : Weight of solid ,n air is W and in water j, » The re | al ,ve density of solid is 3,0. 

Reason : Relative density of any solid is given by : 

__ Weight in air 

Change in weight in water 

5. Assertion : W ater filled in a U-tube ot ditterent cross-sectional area on two sides as shown in 
figure. Mow equal amount ot oil \ RD =0-5) is poured on two sides. Level of water on both sides will 
remain unchanged. 


mmmmnL 



m 

Reason : Same weight of oil poured oil two sides will produce different pressures. 

6. Assertion t An ideal fluid is flowing through a pipe. Speed of fluid panicles is more at places 
where pressure is low. 

Reason : Bernoulli's theorem can be derived from work-energy theorem. 

1, Assertion : In the figure shown v and R will increase if pressures above the liquid surface inside 

the chamber is increased. 



Reason : Value of v or R is mdependen 0 ; e . „ frce iur feof an ideal fluid. When 

8, Assertion: 'A ball i$ dropped from a certain eig d o\c 
the ball enters the liquid it may accelerate or retard. 
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Reason : Ball accelerates or retards it all depends on the density of ball and the density of liquid. 
9. Assertion : On moon barometer height will be six times compared to the height or earth, jo 

Reason: Value of 'g on 'noon's surface is - the value of g on earth s surface. I 

10, Assertion : In the siphon shown in figure, pressure at P is equal to atmospheric pressure. 




->P 


Reason ; Pressure al Q is atmospheric pressure and points P and Q are at same levels. 

11. Assertion : Force of buoyancy due to atmosphere on a small body is almost zero {or negligible). 
Reason : If a body is completely submerged in a fluid* then buoyant force is zero. 

Objective Questions (Level 2) 

Single Correct Option 

I, A cubical open vessel of side 5 m filled with a liquid is accelerated with an 
acceleration a. The value of a so that pressure at mid point of AC is equal to 
pressure at point p is 

(a) g (b) 2g 

(?) g/2 <d) 2g/5 

2. An ice cube is floating in water above which a layer of lighter oil is poured. As 
the ice melts completely, the level of interface and the upper most level of oil 
will respectively 
{a) rise and fall 

(b) fall and rise 

(c) not change and no change 

(d) not change and fall 

3, An open vessel full of water is falling freely under gravity. There is a 
small hole in one face of the vessel as shown in the figure. The water 
which comes out from the hole at the instant when hole is at height H 
above the ground, strikes the ground at a distance of t from P, 

Which of the following is cor rect for the situation described? 

t2hH 

(a) The value of x is 2 



r I- Water 


iiiiiiillM 


H 




Ground 


14 hH 


(b) The value ofx is 

(c) The value ofx can’t be computed from information provided 

(d) The question is irrevalem as no water comes out from the hole 
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fluid Mechanics, 299 

4. A uniform rod AB . 12 m form wei chine 24 ka i* 

flexible light string and a lead weight (of v er) . smal | s^) of 12 




The rod floats in water with one-half of Us length submerged Fur this 
situations mark out the correct statement, 

[Take g = 10m/s’, density of water = l GOO kg/m 3 ] 

(a) The tension in the string is 36 g 

(b) The tension in the string is 12 g 

( c ) The volume of the rod is 6,4 x 10" 2 m s 

<d) The point of application or the buoyancy force is passing trough C (centre of mass of red) 

5 . A water hose pipe of cross-section area 5 cm 2 is used to fill a tank ofl 20 L It has been observed 
that it takes 2 min to fill the tank. Now, a nozzle with an opening of cross-section area I cm 2 is 

attached to the hose, 1 he nozzle is held so that water is projected horizontally from a point I m 
above the ground. I he horizontal distance over w hich the water can be projected is 
{ fake g* 10 m/s 2 } 

(a) 3 m (b) 8 m (p) 4.47 m (d) 8.64 m 

6. The height of water in a vessel is k The vessel wall of width b js at an angle G 

to the vertical. The net force exerted by the water on the wall is | =:=:T=:T^ 


(a) ^pM'geosO 
(c) ^pM"gsec0 


lb) blrpg 
(d) zero 


7 A bodv of density p is dropped from rest from a height h into a lake ul'density a lop)- The 
maximum depth the body sinks inside the liquid is (neglect viscous effect of liquid) 

(a) *P - 


(b) 


W* 

a 


or -p cr-p 

8. A liquid stands at the plane level in the IMiibe when " rc * 1, if ^ ^ 

cross-section of both the limbs are equal, what \vi * e . ^ is 

heights h of the liquid in the tw o limbs of U-tu e, w ■ . ^ 

given an acceleration * in horizontal direction towards ng 

(4 (b) 7 

a H j 

(d)^ 

a ^ 

9, A liquid of density p and surface tension o 

between the liquid and the gtaa« ^ ^ as shown ,n lienre. The pre 

point B lies at the outside level of liquid 



, c L 2 a 

< c ) T7 


contact 
and the point 


is 
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<a) Pb -P£ a 


(b) Pb ~ 



locos 6 


(d) All of these 


10, A large open tank has two holes in the wall. One is a square hole ot side L at a depth h from the top 
and the other is a circular hole of radius R at a depth 4 h from the top, W hen the lank is completely 
filled with water, quantities of water flowing out per second from both holes are the same. 1 hen if j$ 
equal to 

(a) 4= <W 2 ni <c) L (d) — 

iJlK 271 

1J. Two identical cylindrical vessels with their bases at the same level each contain a liquid of density 
p. The area of either base is A but in one vessel the liquid height is h x and in the other liquid height is 
h 2 {h 2 < h\ )■ If the two vessels are connected, the work done by gravity in equalizing the levels is 

VH - r , t r Apg (b) - (*| + h 2 )Apg (c) if 1 - 2 ' 

£ 2 2 

12. A cubical block of side 10 cm floats at the interface of an oil and water as 
shown in the figure. The density of oil is 0,6 gem and the lower face of 
ice cube is 2 cm below the interface. The pressure above that of the 
atmosphere at the lower face of the block is 
(a) 200 Pa (b) 620 Pa 

(c) 900 Pa (d) 800 Pa 


(a) i {A t - h 2 >- Apg (b) i (*, + ii 2 )Apg (c) ^ (Af - h; )Apg (d) - (A, - h 2 )-Apg 

4 


Oil 


Ice 


rrt/ttfi [tuff 

(ffttflTTTTTittttit 
f^tiffitit fillttii/ 
J/fft ft/fffififttJ 
ft ft ttfti it a at m 
tiUfiitiifiitittii 
Uliiitirturitnin 


10cm 


10 cm 


13. A leakage begins in water tank at position P as shown in the figure. The initial 
gauage pressure (pressure above that of the atmosphere) at P was 
5 x 10 s N/m 2 , If the density of water is 1000 kg/ rn 3 the initial velocity with 
which water gushes out is 

(a) 3.2 ms' 1 (b)32ms~ l 

(c) 28 ms 1 (d) 2.8 ms" 1 

J 4. The figure ^hows a pipe of uniform cross-section incl ined in a vertical 
plane. A U-tube manometer is connected between the points A and B . 

If the liquid of density p 0 flows with velocity v 0 in the pipe. Then the 
reading /? of the manometer is 



(a) A~Q 


(b) h = -± 

2 g 



(C) h=^-\ ^ 


(d) h 


_ 

P ~Po 



An evaluation version of novaPDF was used to create this PDF file. 
Purchase a license to generate PDF files without this notice. 











































wiwntH 13 


-- iiwd Mechanics 301 

]5, Ahotijwntal liibeof iinirormcross^ciional f i - , 

( hc liquid of density p enters and leaves the lube with I^vwihraT. ?° Wn , kl tlglire [( 

hold the bend stationary j& ” L e external farce /- required to 



fa) F = 0 


(b) pfi 


<c) 2p^r 3 


(d) ^ p/fv- 


16 . A rectangular container moves with 


” _ •* n acceleration a along the positive 

direction as shown in figure I he pressure at the point A in excess of the 
atmospheric pressure is (lake p as the density of liquid) 

(a) P£'» (b) pat 

(c) p (gh + at) (d l Both (a) and <c) 



■ 



17, A candle of diameter d is floating cm a liquid in a cylindrical container of 
diameter D {D » d) as shown in figure. It it is bunting at the rate of 2 cm h. 
Then the top of the candle will 

(a) remain at the same height 

(b) fall at the rate of 1 cni/h 
{c) fail at the rate of 2 cmifo 
(d) go up at the rate of 1 cni/h 

18, A square gate of size I nix! m is hinged at its mid point- A fluid of density p 
fills the space to the left of the gate. Hie force F required to hold the gate 
stationary is 


T A 


fc 1 






w f 


1 


(M ~PZ 


(O — 


(d) None of these 




19. A thin uniform circular tube is kept in a vertical p ' ane ' q . Jf ^ (ubc 
two immiscible liquids whose .densities are pi .an p 2 _ makc , 

as shown. In equilibrium the radius passing t uoug i v _ ■ , { 

an angle of 30“ with vertical. The ratio o! densities <Pr P:)« ^ 
i- V3 + 1 

(a) M <W 2 W 3 




2-S 

S -1 


(d) 


>/3 +1 



V3 + I 




r f walcr of uniform area of 

20 ' A pia,e 

^ waters plashes along ... mf he iet of water is 


cross-sect ion. 


density of water is p. Assume that water splashes along th 


original motion. The magnitude oft he 


r s plashes along me wj ^ to the j et of water is 

force acting on me 
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(a) pV V, 



(c) 


P F 


V-, 


(Vi ) 2 


(d) pF (v, +v,) 


21, A spherical ball of density p and radius 0.003 m is dropped into a tube 
containing a viscous fluid up to the 0 cm mark as shown in the figure. 

Viscosity of the fluid = 1.26 N-s/irr and its density Pl = ~ — 1260 kg mA 

Assume the hall reaches a terminal speed at J 0 cm mark. The time taken by 
the ball to travel the distance between the 10 cm and 20 cm mark is 
(g -10 m/s 2 ) 

(a) 2 s (b) I s 

(c) 0.5 s (d) 5 $ 



22. In the figure shown, die heavy cylinder (radius R) resting on a smooth surface separates two liquids 
of densities 2p and 3p. The height ft for the equilibrium of cylinder must be 


I 

(a) Vi/2 



23. A L'-tube having horizontal anil oflength 20 cm, has uniform cross-sectional area =! cm 2 . It is 

filled with water of volume 60 cc. What volume of a liquid of density 4g/cc should be poured from 
one side into the U-tttbe so that no w ater is left in the horizontal arm of the tube? 

W 60 cc (b) 45 cc (c) 50 cc (d) 35 cc 

24. A cubical block of side a and density p slides over a fixed incl ined plane w ith constant velocity v. 
There is a thin film of viscous fluid of thickness / between the plane and the block. Then'the 
coefficient of viscosity of the film will be 



(a) 


5v 


b) 


Sv 


(c) 




(d) None of these 


25. A water barrel stands on a table of height ft. If a small hole is punched in the side of the barrel at its 
base, tt is found that the stream of water strikes the ground at a horizontal distance R from the 
barrel, The depth of water in the barrel is 

(a) r (b) — (c) — (d) - 

h 2 


4h 
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26. A spring balance reads 10 kg when a bucket of Fl »“l MbMmims M3 

of the Ufa*. when an iron piece „ r mass 7 *«» «• Wha, will * lheicadi 

<7)" the th=te Rct „, vt Ln^X?;^ " *» * 

27. Three points d, i and C on a steady flow of a m** kS ... (d) l7 ' 2k S 

The pressure, velocity and hefeht'of .Ik- points A 

respectively. Density of the fluid is 1 kt?m an H >n „ ' 1,1 n2 ) and (4. 2) 

which of the following is co.ec,7 <’ =Ls^ *" « *» - ■ The. 

(a) points A and & lie on the same stream line 

(b) point B and C lie on same stream line 

(c) point C and A lie on same stream line 

(d) None of the above 

2S. A body of density p is dropped from res, from heigh. • /f (from ,he surface of ware, inro a lake of 
density of under o (o > p). Neglecting all dissipalive effects, the acceleration of bodv while itisln 
the lake is 

^ -1 jupwards (b) g | ^-1 jdownwards 

upwards , (d) J downwards 


C a)g 


(c) -g 



29, A lank is filed up to a height 2H with a liquid and is placed on a 
platform of height // from the ground. The distance x from the 
ground where a small hole is punched to gel the maximum range 
R is 
fa) H 

(b) 1.25// 

(c) 1.5// 
fd) 2 H 



Vi 


30. Two boats of base areas A, and A,, connected by a string are berng 
pulled bv an external force F 0 The viscosity of waier is nand depth ot 
the water body is H. When the system attains a constant speed, the 

tension in the thread will be ^ 

(a) zero ^ ^ + a 2 ) 



(c) F« 


(d) None of these 


(A^m 7 ) . , . nftt mix water is next poured into one 

31. A U-nibeis partially filled whh water. 0>' ' vl ’ ,c rf the<Jens ity of oil tsO.Sg/cm’.lheoil level will 

side.un.ilwaterHsesby25cmontheotherstde.mi.eden . 

stand higher than the water level by ( c ) 31.75 cm tdl 2>v'> 

(a) 6.25 cm <») l2 - 50cn ' 
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304 Mechanics'll 


Passage: (Q 32 to Q 34) 

The spouting can is something used to demonstrate the variation 
of pressure with depth. When ihe corks are removed from the 
tubes in the side of the can, water Hows out with a speed that 
depends on the depth. In a certain can, three tubes T x , T, and T 3 
are set at equal distances a above the base of the can. When 
water contained in this can is allowed to come out of the lubes the 
distances on the horizontal surface are measured as .V], x 2 and _v 5 . 




32. Speed of efflux is 


(a) VS* <b) 

(c) Jgh 

(d) 

33. fdistance x- is given by 

(a) S a (b) a 

(c) j & a 

(d) 2^3 a 


34. The correct sketch is 
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passage: (Q 35 to Q 38) 

A container of large uniform cross-seciioml , 

* horizontal nurfiicc. holds, two JffSg « 

neomorcssible liquids of fW,*;r™ .j .... , ^ . * Vlstou sand 


^ 13 «i*M» 3 05 


incompressible liquids ^ J 

OTPin m figure. The lower iSSfi |f 7 

(he atmosphere having pressure P. a l.,,., i>opcnl ° f 
Qltoder of length ™ 

immersed such that ,, floats with its axis venial in ,h! ± 

liquid-liquid interface with length U4 in die denser liquid 
The cylinder is then removed and the origini ah -K,n - 


-J,; \\\\\VlT 


IaivWWWWV.WW' 



1 ,^- H io un ,.^ lengm UA m Hie denser liquid ^ 

The cylinder is then removed and the original «T, ltami Z ' 

is punched on die venica! side ofthe ewtaincr heigh?/'«“// ’i T h *‘** a ** < A 1 
Stotts notviniz out of the hole with a range v on die horizintal s U rfa C e‘ ' *''** 

35. The density D ofthe material of the floating cy tinder is 

(a) 5dI4 (b) 3dU (c) 4 iti5 ( d ) 4^/3 

36. The total pressure with cylinder, at the bottom ofthe container is 

U.) r, (b) />„+<£!*">* te) A+ (LtM^ „JA±P<) 


<tg (c) Pq + 


37. The initia l speed of ef flux without cylinder is 
J cr 


■ (d) P t > + 


*fe 


*» (i 

li 


fa) v=J^[3H + 4h] 


4 


(b) v = jf [4W-3ft] 


(di None of these 


(c) v = J|[3//-4/i| 

38. Tiie horizontal distance traveled by the liquid, initiall y, is 

(a) 7(3tf+4A)A (b) JOh + 4H)h <c> Joit-4h)h (d) J(3fl -3A)A 


More than One Correct Options 


i 


A large wooden plate .fee. 10.' Hoating on the surface of a river is made to move 
with aspcedoF2 irfs by appiying a tangential force. River is I mdeepand a,ewa,er »«*"* 
the bed is stationary- Then choose correct statement. 

(coefficient of v iscoshy of water = 10 ' N-sf m ) 

(n) velocity gradient is 2s' 1 

(b) velocity gradient is 1 s ! d is 0 02 n 

(c) force required lo keep the plate m0V * n ®7^ speed is 0 01 N 

(d) force required to keep the plate moving 


2. Choose the correct options 


(a) viscosity of liquids increases with tempera 

fb) viscosity of gases increases with perat ure 

fc) surface Lion of liq^ decreases w ^ „ cap i,] a ry 

(d) for angle of contact 0 =0°, U<|».<I ,,st 
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3QB Mechanies-ll 

3. a plank is floating in <i non-viscous liquid as shown* t 1 loose the correct options. 


(a) Fquilibmim of plank is stable in vertical direction 

(b) For small oscillations of plank in vertical direction motion is simple harmonic 

(c) Even if oscil lations are large, motion is simple harmonic 

(d) On vertical displacement motion is periodic but not simple harmonic 

4, A non-viscous incompressible liquid is flowing from a horizontal pipe of non-uniionn cross 
section as shown. Choose the correct options. 





-h-- 

/ 



(a) speed of liquid at section-2 is more 

(b) volume of liquid flowing per second from section-2 is more 

(c) mass of liquid flowing per second at both the sections is same 

(d) pressure at section-2 is less 

5. A plank is floating in a liquid as shown. Fraction / of its volume is immersed. Choose the correct 
options. 


(a) If the system is taken to a place where atmospheric pressure is more, */’ will increase 

(b) In above condition f will remain unchanged 

fc) If temperature is increased and expansion of only liquid is considered / will increase 
(d) If temperature is increased and expansion of only plank is considered / w ill decrease 

6. In two figures 


(a) v, M = 1/2 
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CHARIER 13 Fluid Mechanics 3Q1 


7, A liquid is Idled in a container as shown in Figure. Container is accelerated [|ae = e = = b| 
towards right. I'here are four points A. B, C and D in the liquid. Choose the 11 HI If! 


correct options. 

(a) 

<e> 


Pj>p* 

/J > 


(b) P C >P A 

m 


Pa > Pc 




minis 




8, A ball oi density p is dropped from a height on the surface of a non-viscous liquid 
of density 2p. Choose the correct options. 

(a) Motion of ball is periodic hut not simple harmonic 

(b) Acceleration of ball in air and in liquid are equal 

(c) Magnitude of upthrust in the liquid is two limes the weight of ball 
(dl Net force on ball in air and in liquid are equal and opposite 

9, 1 wo holes I and 1 arc made at depths ft and 16ft respectively. Both the holes arc 
circular but radius of hole-1 is two times. 

(a) Initially equal volumes of liquid will flow from bolb the holes in unit time 

fb) Initially more volume of liquid will flow from hole-2 per unit time 

fc) After some lime more volume of liquid will flow from hole-1 per unit time 

(d) A Her some time more volume of liquid will How from hole-- per unit «“* 

10 A solid sphere, a cone and a cylinder arc taring fa water. All have «mc 

Let/!. f: «a h ««'he fraction oftheir volumes inside the water and A„ fa and A. depths 

water. Then 





(a, «A*4M W*' f.f h 

SSflSST*' mim 

columns. — ----—1- „ 

Column “ ! ^ 

ColumnL 

(a) v is maximum for ^ ^ 

vi$ nnininiiUim for ^0 ^ 

[c) R IS rn^ximum for c f 

,d) A is minimum for jW ”“^^a 
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308 Mechanics*!! 


2. Match the following two columns. 


I 


Qilurim 1 

Column II 

(£l) When- Temperature is increased 

(p) Upthrust on a 11 (Kiting solid of 
constant volume will increase 

(b) Whan density of liquid is increased 

(ip Upthrust On a floating solid Of 
constant volume will decrease 

(c> Whan density of solid is increased 

tr) Viscosity of asis will decrease 

(d) When atmospheric pressure h 
increased 

|s> Non? 


3. A ball of density p is released from the surface of a liquid whose density varies w ith deptli ii as, 
p, -a h 

Here a is a positive constant. Match the following two columns, (liquid iis ideal) 

Column If 


Column 


(a) Upthrust on Ml 

(b) Speed of ball 

(c) Net force or ball 

fd) Gravitational potential energy (s) Hist decrease (hen increase 
of ball 


(p) wiI! continuously decrease 
( l| ) will con l inuously ine reasc 

■ 

tr) first inerease then dccrease 



4. \ latch i lie fol lowing two columns. 


Column f Column I I 

(a) Surface tension (p) fML" 1 T 

l b) Coefficient of visensily (q) (L 3 T 5 ] 

(c> Energy density {r> [MT 2 ] 

l.d) Volume flow rate (si |Ml.‘ 3 T 1 ] 


5. A cylinder of weight W is floating m two liquids as shown in figure. Net 
force on cylinder from top is F\ and force on cylinder from the bottom is F>, 
Match the following two columns. 


(a) 

(b) 

(c) 

fd) 


Column 1 

Net force on cylinder from liquid-1 
F 2 -F, 

Net force on cylinder from liquid-2 

Net force on cylinder from 
atmosphere _ 


Column II 

(p) Zero 
<q) I V 

(r) Net upthrust 

(s) None of these 
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Subjective Questions (Level 2) 


Chapter 13 Fluid Mechanics 359 


t. a wooden plank of length I m and uniform cm«.wi; n „ a 

tankas shown in figure. The tank is filed with water upto ahcktaol 0 5°H° in' * « * 

the plank is O.J. Find the angle 8 that the plank makes with thetenic-,1 in th * Ti! ‘ *"** 01 
(Exclude the case 6 = 0). 1 m Ihe position. 



0,5 m 


2 . A enhteal block ol wood ol edge a c,n fioats in water. The lower surface ofthe cube just touches the 
fteeend ot a ventral spring fixed at Ihe bottom ofthe pot. Kind the maximum weight that can he pm 
on the block without wetting the new weight. Density of wood = 800ksin> 1 and spring constant of 
the spring = 50 N/m. (Take g = 10 ni/s 2 ) 



3. Figure shows a container having liquid of variable density. The density of liquid varies as 
P " Pti, 1 4 7“ ! - Here, A 0 and p 0 are constants and A is measured from bottom of the container. A 


-■H) 


solid block of small dimensions whose density is ^ p 0 and mass m is released from bottom ofthe 
tank. Prove that the block will execute simple harmonic motion. Find the frequency of oscillation. 


T 

1 


D 


4. A cylindrical tank I m in radius rests on a platform 5 n. high. Initially the tank is filled rvtth water to 
a height of 5 m. A plug whose area is I O' 4 m ; is removed Iront an notice on " T 

the bottom. Calculate (a) initial speed with which the water flows 
with which wafer strikes the ground, fc) time taken to empty t ic an 


(g = lOtn/s") 
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310 Mechanics li 



A block of mass m is kept over a fixed smooth wedge. Block is attached to a sphere of same mass 
through fixed massless pul lies f\ and P 2 . Sphere is dipped inside the water as show n. If specilie- 
gravity of material of sphere is 2. Find the acceleration of sphere. 




6. A cubic body floats on mercury with 0.25 fraction of its volume below the surface. What fraction of 
the volume of the body will be immersed in the mercury if a layer of water poured on top of the 
mercury covers the body completely ? 

7. A siphon tube is discharging a liquid of specific gravity 0.9 from a reservoir as shown in the figure. 



1.5 m 


(a ) Find the velocity of the liquid through the siphon. 

(b) Find the pressure at the highest point B. 
fc) Find [he pressure at point C 

H. A long cylindrical tank of cross-sectionai area 0.5 m 2 is filled with water, it has a small hole at a 
height 50 cm from the bottom. A movable piston of cross-sectional area almost equal to 0.5 in : is 
fitted on the top of the tank sucf that it can slide in the tank freely. A load of 20 kg is applied on the 
top of the water by piston, as shown in the figure. Calculate the speed of the water jet with which it 
hits the surface when piston is I m above the bottom, (Ignore the mass of the piston). 
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% 



I lie shape of an ancient water dock iup i* i 

times. I f the water level falls bv 4 * >U01 thal ' valer ^ evcl descends at a constant me at all 

function ofy. The radius of drain hole **V** ** ^ ° flhejar * te ” specif> vas 8 

- m andean be assumed lobe very small compared to x. 



10, A spring is attached to the bottom or an empty swimming pool, with the axis of the spring oriented 
vertically. An b.fJU kg block ol wood (p -840 kg m V) is fixed to the top of the spring and 
compresses it. Then the pool is filled with water, completely covering the block. The spring is now 
observed to be stretched twice as much as it had been compressed. Determine the percentage of the 
blocks total volume that is hollow. Ignore any air in the hollow space. 

It. A rectangular tank of height 10 m filled with water, is placed near the bottom of a plane inclined at 
an angle 3Q a with horizontal. At height h from bottom a small hole is made (as shown in figure) 
such (hat the stream coming out from hole, strikes the inclined plane normally. Calculate h. 



10 


x 


P a hall of density ,/isdropped onto a horizontal solid surface, tl bounces elastically from the surface 
' and returns to iis original position in a time . Next, the ball is released and .t tails through the same 
L - kt cmkinsi the surface of a liquid of density d L . 

u lfi< 4 . obtain an expression (in terms ofrf, t, and d L ) for the lime f ; the ball takes to eome 
back to the position from which il was released. 

(b) is the motion ofthe ball simple harmonic ? 
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312 Mecfiamcs-ll 


(c) I f d d { , how does the speed of the bait depend on iis depth inside the liquid ? 

frictional and mher dissipative forces. Assume the depth of the liquid to he large " ^ ; 

There is an air bubble of radius 1.0 mm in a liquid of surface tension 0.075 N m and dens',, 
1000 kg/m ’. The bubble is at a depth of 10 cm below the free surface. By what amount h ^ 
pressure inside the bubble greater than the atmospheric pressure ? (Take # -9.8m,V) 


14. A metal sphere of radius I mm and mass 50 mg falls vertically in glycerine, bind (a) the viscous 
force exerted by the glycerine on ihe sphere when the speed of the sphere is 1 cm 's, (b) i]^ 
hydrostatic force exened by the glycerine on the sphere and (c) the terminal velocity \\ ith which the 
sphere will move down without acceleration. Density of glycerine = 1260 kg in ’ and i is coefficient 
of viscosity at room temperature - 8.0 poise, 

l 5. A wire forming a loop is dipped into soap solution and taken out, so that a film of soap solution is 
formed. A loop ol 6.28 cm long thread is gently pul on the film and the film is pricked with a needle 
inside the loop. The thread loop takes the shape of a circle. Kind the tension in the thread. Surface 
tension of soap solution = 0.030 N/m. 

16. A cylindrical vessel is (Hied with water upto a height of! iti. The cross-sectional area of the orifice 
at the bottom is (1/4001 that of the vessel. 

(a) What is the time required to empty the tank through the orifice at the bottom? 
fb) What is (he lime required for the same amount of water to flow out if the water level in tank i:> 
maintained always at a height of I m from orifice? 


17. A tank having a smal l circular hole contains oi l on lop of water. It is 
immersed in a large tank of the same oil. Water flows through the 
hole. What is the velocity of this flow initially ? When the flow stops, 
what would be the position of the oil-water interface in die lank from 
the bottom. The specific gravity of oil is 0.5, 


initial 



mm 

Oil 

Oil 

Water 


10 m 


18, What work should be done in order to squeeze all water from a 
horizontally located cylinder (figure) during, the time i by means of 
a constant force acting on the piston ? The volume of water in the 
cylinder is equal to K the cross-sect tonal area of the orifice is s, 
with .v being considerably less than the piston area, I he friction and 
viscosity arc negligibly small. Density of water isp, 


19. A cylinder is fitted with a piston, beneath which is a spring, as in the figure. The 
cylinder is open at the fop. Friction is absent. The spring constant of the spring is 
3600 N/m. The piston has a negligible mass and a radius of 0.025 m. (a) When 
air beneath (he piston is completely pumped out, how much docs the 
atmospheric pressure cause the spring to compress? (b) How much work does 
{he atmospheric pressure do in compressing the spring? 
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2(1. A non-viscous liquid of constant density 1000 kg/m ' flows in a streamline 
motion along a tube of variable cross-section. The lube is kept inclined in the 
tcitical plane as shown in the figure. The area of cross-section oft lie tube at 
iw o points P and{7 at heights of 2 m and 5 m are respectively 4*10 ' m and 

8x10 111 '' I he velocity of the liquid at point P h l m s. Find the work done 



per unit volume by the pressure and the gravity forces as the fluid flow s from point P to Q. Take 
g = 9.8 m/s 2 . 


21. A uniform solid cylinder of density 0,8 gem ' floats in equilibrium in a 
combination of two non-mixing liquids A and B with its axis vertical. The 
densities of the liquids A and B are 0.7 g/cm and 1.2 g/cm . 
respectively. The height of liquid A is h A - 1 .2 cm.The length of the part 
of the cylinder immersed in liquid B is h B -0.8 cm, 

(a) Find the total force exerted by liquid A on the cylinder, 

(b) Find k, the length of the part of the cylinder in air 


3ir 


n 


B 


h 

i 

Pa 

1 


(c) The cylinder is depressed in such a w ay that its top surface is just below the upper 
liquid A and is then released. Find the acceleration of the cylinder immediately 

released. 


surface of 
after it is 
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314 Mechanics-11 


Answers 


Introductory Exercise 13.1 

1. B 2. 6.92 X IQ 5 Pa 3k 0.8 

4. Mercury will rise in the arm containing sprit. The difference In level 1 15 0.221 cm 

5, fi) Absolute pressure * 96 cm of Hg. Gauge pressure =£ 20 cm of Hg for (a), 

absolute pressure = 58 cm of Hg, gauge pressure = - 18 cm of Hg for (b) 

(it) Mercury would rise in the left limb such that the difference in the levels m the two limbs becomes 19 cm. 

introductory Exercise 13,2 

1. 3,5 X 10 3 kg'm ? 2, 7g/cm 3 K 3 g/cm 3 3. It will float at the same level 4. Zero 5, False 

6 . 80 kg 7. It will remain same 8 . 17 cm 9- 600 kg/m 3 .705 kg/m 3 10. 6.03 g 

Introductory Exercise 13.3 

1. 1.44 x 10 s J 2, 8nf?*T 3, It wilt increase by 8ar J 7' 4, The capillaries lormed in threads disappear 

5. (a) 2 25 m/s (b) zero 6. (a) 7 Ox 10 4 m 3 s fb> 2,24 * 10 4 Pa (cj 0.5 x 10 1 miVs 

AiEEE Corner 

Subjective Questions (Level 1) 

2. 3840 kg/m 3 3.28 cm 3 4, 23.7 N 5. 0.33 no? 6 . (a) 2 * 10 *m 3 , 5000 kg/m 3 (t>)750kg/n 

7. 0.206 M 8 . 32 mm in mercury and 28 mm in water 9. (a) 14,7 rn.'s 2 (b) 0.63 s 

10 . T ]lj .6 N, V 32 x 10 3 m 3 11 . (a) 24 N (b) 12 m /s 2 12 . (&) 10.9 cm (b) 2-5 cm 

p - a 


13. tan tli = 


p + fj 


14 . 31 N 


15- 12.6 cn, * W »fl (b, Oft „ | 


19, 0,58 cm 

24. st 3,3 m/s 

29. 


17. fa) 1470 Po (b> 13,9cm 18.18cm 
20. 6,7 kPa. 8,2 kPa 21. f? 2 /4ft 22. v=J=- 23. 12.3 m/s 


*-£■ 23. 

l|4p 


30. 

35. i,4 mm 36. h = 1 cm 

Objective Questions (Level 1 j 


25. 146cm 3 /s 26,213cm 27. 0 87 mm/s 28, 19 5 mmol Hg 

u fl ln(ff a /r) 

m z /R) 


31. F = 0,02 N 32. 1(T 3 N m 2 


33. 


T tr. <?T m - 7.23 


1. (a) 

2. (d) 

3. (d) 

4. 

(d) 

5* <d) 

6, (d) 

7. (a) 

8. (a) 

9. (b) 

10. (c) 

11. (3) 

12. (c) 

13, (c) 

14, 

(c) 

15, (b) 

16. (a) 

17. (b) 

18. (b) 

19. (a) 

20. fc) 

21. (a) 

22. (a) 

23. (d) 

24. 

(c) 

25, (b) 

26. (a) 

27. (b) 

28. (c) 

29. (b) 

30. (c) 

33* (a) 

32. (c) 

33. (d) 

34. 

<d> 

35, (d) 

36. (d) 

37. (c) 

38. (c) 




JEE Corner 


Assertion and Reason 

1. (d) 2. (a) 

il. CO 


3. «J) 4. (a) 5* (d) 6. (cl) 7. (b) 8. (a) 9. (d) 


10. (d) 
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'-HAFTER 13 Fluid Me-cfianics J]| 


Objective Questions (level 2 ) 


1. (t>) 2. (a) 

ii. (d) 12. (d) 

21. (d) 22. <b) 

31. (b) 32. (bj 


5l < d > 4. ( C ) 

13 ■ (b) 14. (a) 

23- (d) 24. (a) 

33- (d) 34. ( d) 


More than One Correct Options 

1. (a.c) 2 , (b.c) 3. (a.b.c) 

8. (a,c,d) 9, (a.d) io. (a c d) 


5 . <c) 
IS. (c) 
25. (b) 
35. ( B) 


e. (c) 
1G. (d) 

26. (b) 

36. (b) 


7. (a) 
17. (b) 

27- (d) 

37, (c) 


4- (a.c.d) 


5, {b.c.d) 


8 < b 5 S. (d) 10. (5) 

!8> tc) 19, (d) 20. (dj 

28- (a) 29. ( C ) so. (c) 

38. (c) 


6 , (a.b.c) 7. ( 3 ,c) 


Match the Columns 


1. 

(a) r 

(b) -> p 

(c) -> r 

(d) -* p 

2. 

(a) -► * 

(b)^s 

(c) -> p 

(dj -+ s 

3. 

(a) —> f 

(b) -* r 

{c)^s 

(d) -> s 

4. 

(a) -> r 

(b> -* s 

(C) P 

(3) -* q 

5* 

Ca) -4 p 

(b) q.r 

(c) -» s 

<d)-»s 


Subjective Questions (Level 2} 

1 . 45* 2. 0.354 N 3, --- 

5 , zero 6. 0.19 7. (a) 9.9 m/s (b) 4.36 « IO 4 Pa (c) 6 6 * lO 4 Pa 8. 4.51 m/s 

9 . y = 0.4js 4 10. 60,41% 11. S.33 m 

12. (a) (b) No (c) The ball will continue to move with constant velocity v = — inssde the liquid. 

d L - d 

13, 1130 Pa 14. (a) 1.5* 10 N (b)5 2*lO s N (c)32.5 m/s 15, 3.0, 10 

16. (a) 3 min (b) 1.5 min 17- 9,8 m/s, 5.0 m 

18 , 19. (a) 5.5 cm (b) 5.445 J 20- 29025 JAn*. 2MOO J/rf 

2 $, r 

21. (a) zero (b) 0.25 cm (c) | {upwards} 




4. (a) 10 m/s (b) 14.1 m/s (c> 9200 s 
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art 2 


DC Pandey 


The second of the best selling series of books in Physics for at the Level of 
Class Xf-Xff of CBSE & all other State Boards in India by the renowned author, 
the Mechanics Part 2 deals with the foundations of Mechanics in an effective 
and easily understandable way. Starting with a brief review of the basic math 
and the system of measurement in physics, the book takes up the indepth 
discussion of the motion in one and two dimensions, the laws of morion, work, 
energy and power and at last the centre of mass, conversation of linear 
momentum, impulse and collision . 


Without deviating to superficialities, the book focuses on the concept building 
and the application of the concepts in solving the varied physical problems. The 
exposition of the subject matter is simple and leads completely to the direct 
means of solving problems in Physics where the application of the concepts 
from Mechanics is essentially required. 


A must have book for anyone desiring to be firmfooted in Concepts of Physics 
as well as their applications in Problem-Solving... 
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